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INTRODUCTION 


Difficulty in securing self-fertilized seed from cultivated varieties 
of Beta vulgaris L. has been commonly experienced. Self-fertility, 
which contrasts strikingly with the more common self-sterile see 
tion, is now becoming familiar to most breeders of sugar beets and 
garden beets. Various self-sterile types and a limited number of 
self-fertile types of sugar beets were collected by the writer, with 
emphasis upon selections from curly top resistant varieties. Genetic 
studies of cross-sterility, self-sterility, and self-fertility were con- 
ducted upon selected parental material having clearly defined dif- 
ferences, careful account being taken of variability caused by 
environmental factors. 


REVIEW OF LITERATURE AND THEORY 


Papers dealing with sterility in Beta vulgaris have been written by 
Archimovitch (/),? Brewbaker (3), Briem (4), Down and Lavis (8), 
Hallqvist (15), Kohls (20), Magruder (23), Munerati (24), Raleigh 
(26), Stewart (28), and Sundelin (30). Self-fertile types of beets 
have been described by Archimovitch (1), Kharechko-Savitskafa,‘ 
Magruder (23), Stewart, Lavis, and Coons (27), and Sundelin (30). 
The basis of inheritance of self-sterility and self-fertility in Beta 
vulgaris has apparently received but little attention. 

It will be seen that instances of sterility behavior in Beta vulgaris 
obtained by the writer are somewhat complex but are fairly well 
explained by certain modifications of the oppositional hypothesis 
(10, 13). The. oppositional hypothesis supposes the presence in the 
style of substances that produce incompatibility when a pollen tube 
enters with an S factor in common with stylar tissue. An S'S? plant 
is sterile or incompatible with all its own S' and S? pollen, and with 
S' and S? pollen from any other source, but fertile with S* to S” pollen, 
S' to S" representing an allelic series. Crosses of the type S! S?S*°S* 
yield four classes, S'S*+ S1S4+ $2S+ $28‘. Cross-sterility in both 
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directions between all plants within any one of these four classes is 
expected, but crosses between different classes should be fertile. 
A cross of the type S'S? S*S* produces two classes, S1S*+ S?S°, one 
of which is identical with the pollen parent. 

The factor S’ for self-fertility (9, 12), allelic to the sterility factors 
S' to S", is exceptional and does not produce self-sterility. Heter- 
ozygous S‘’S* plants upon selfing are expected to produce only self- 
fertile offspring (S’S’ and S’S*) without recovery of the S*S* genotype 
because of sterility to S* pollen. 

With a single series of oppositional factors, self-sterile plants are 
normally heterozygous for S factors. Consequently, if a cross is 
fertile in one direction, it is expected to be fertile in the other direction. 
Nonreciprocal behavior is expected only after the unusual selfing 
of self-sterile plants. Selfing a self-sterile plant, S'S, may yield 
three classes, S1S'+-2 S'1S?+-S?S?, with nonreciprocal sterility between 
the first and second and between the third and second classes. 

Although nonreciprocal cross-sterility is not commonly expected 
with a single series of oppositional factors, Lawrence (21) has shown 
that nonreciprocal behavior may commonly result with duplicate 
oppositional factors, a condition expected with polyploidy. This 
theory seems to fit certain results to be described with beets, although 
there is little reason to expect polyploidy with the 2n=18 chromosome 
condition (2) in Beta vulgaris. Lawrence’s theory of duplicate factors 
assumes that duplicate or identical genes are carried by two different 
chromosomes. The duplicate of S' will be designated Z', the genes 
being identical but carried by different chromosomes. Confusion 
because of failure to consider S' and Z!' identical has been experienced 
(22, 29). It is assumed that a single S or Z factor carried by the 
pollen and not present in stigmatic tissue produces fertility, Sonal 
an S'S'Z'Z? female should be fertile with S'Z* or S*Z? pollen. The 
behavior of the duplicate factors will be illustrated further as results 
are interpreted. 


EXPERIMENTAL PROCEDURE 
MATERIAL 


One of the early curly top resistant strains produced by Carsner (6) 
and known as 12c proved to be of interest because of a strong degree 
of cross-sterility. After preliminary studies from closely bred material 
within the 12c strain, three plants, designated clones 1, 2, and 4, 
were selected in 1931 for intensive studies. Self-fertility arose from 
selfing the self-sterile clone 4, presumably by mutation. Another of 
the original curly top resistant strains, known as 286 (6), segregated 
for self-fertility, and strain 1167, selected from strain 286 in 1931, was 
found to carry the genetic factor S’ for self-fertility. Carsner (6) 
had done considerable inbreeding in developing the 286 strain from 
which 1167 was derived, and the 12c strain was also obtained by rela- 
tively close breeding Self-sterile plants were found to predominate 
greatly in the curly top resistant variety U.S. 1 (7), and a few in- 
dividuals whose degree of self-sterility was known from extensive 
experience were propagated vegetatively for genetic investigations. 

Some of the extensive selections made by Tracy,® without regard 
to curly top resistance, were tested for self-sterility and self-fertility. 


$ William Woodbridge Tracy, Jr. (1872-1932), formerly associate agronomist, Bureau of Plant Industry, 
U. S. Department of Agriculture, was stationed at Fort Collins, Colo., from 1915 to 1928, in connection 
with sugar-beet investigations. 
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Some of these selections were rather strongly self-sterile, but the Tracy 
strain 2769 was found to segregate for self-fertility, and a selection, 
designated clone 70, was propagated vegetatively and utilized for 
genetic studies. 

METHODS 


It was recognized at the beginning of the work in 1930 that a study 
of self-sterility and self-fertility in beets would require vegetative 
propagation to carry critical material along for perhaps several years, 
Fortunately, the task of building vegetative clones was not difficult, 
because succulent cuttings from vegetative seedstalks took root readily 
and clones were easily carried along from year to year with a moderate 
degree of attention. The most critical factor was the matter of induc- 
ing seedstalks to become vegetative, to insure vigorous cuttings. This 
was accomplished by controlling light and temperature in a manner 
described by Owen, Carsner and Stout (25). 

Paper bags made of several kinds of material were used in testing 
compatibility. The most suitable were those made from ordinary 
30-pound parchment butter wrappers, 8% X 11 inches. These wrap- 
pers were folded and glued by hand; then a strip of varnish was painted 
over the seams to prevent moisture from interfering with the glue. 
Lightweight kraft bags of various sizes also proved useful, but for 
steri'ity studies there is considerable advantage in having a white and 
partly translucent bag so that the pollen can be readily seen. A large 
bag is usually not necessary to detect sterility relationships. Te 
determine self-fertility or self-sterility of the blossoms, the paper 
bags were placed on the branches prior to flowering. Crosses were 
made by exchanging paper bags at the proper time, and with self- 
sterile plants as female parents there was no need for emasculation. 

It was useful to know that beet pollen can be stored at low tempera- 
tures. Kharechko-Savitskafa (1/8) reports germination from bect 
pollen stored for 49 days at low temperature and low humidity. 
The writer stored pollen for various periods in an electric refrigerator 
at approximately 36° F. and found some viable pollen even after 60 
days. A week’s storage has been considered entirely safe and was 
adopted whenever it was impossible to have plants flowering at the 
same time. 

The bagging work was first done in the open field, but it soon became 
apparent that there were many advantages in using the greenhouse. 
Here insect and weather damage were largely eliminated, and by 
adjusting day length and temperature it was possible to keep plants 
in flower over a longer period. 


RESULTS 
HERITABLE AND ENVIRONMENTAL INFLUENCES COMPARED 


Both environmental and heritable influences were observed to affect 
self-sterility in beets. An example of a heritable difference in degree 
of self-sterility is as follows: During the spring of 1932, branches from 
two vegetative clones selected from the U.S. 1 variety were bagged at 
flowering time. Clone 36, with 17 paper bags, did not produce a 
single seed, while clone 73 produced a total of 15 seeds in 17 bags (11 
of the 17 bags produced no viable seeds). Further observation in- 
dicated that the difference between these two clones was consistent. 
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Other examples of differences in degree of self-sterility could be cited 
from experience with other vegetative clones. There appeared to be 
gradations up to occasional intermediate types that were sometimes 
difficult to distinguish from truly self-fertile types. Nevertheless, the 
truly self-fertile condition was clearly defined and was seldom confused 
with the common self-sterile condition that predominates in commercial 
varieties of sugar beets. 

In the field, types with a self-sterile tendency, single-plant or single- 
clone isolations set seed more easily than parts of the same plants under 
paper bags. Evidently the paper bags interfered with fertilization to 
some extent, or with the development of the embryo. Clone 4 of the 
12c strain and clone 86 of the Pioneer variety of sugar beets furnished 
examples of practically complete self-sterility in field isolations as well 
as under paper bags. With each of these clones a very small amount of 
the seed produced in favorable field isolations turned out to be chiefly 
red garden beet hybrids. Since no red beet or Swiss chard plants were 
observed to be flowering in the vicinity of the isolations, this contami- 
nation probably resulted from distant sources of pollen. Contami- 
nation was probably encouraged by the high degree of self-incompati- 
bility, which caused the flowers to remain unfertilized and the stigmas 
receptive for a relatively long period. In other instances clones that 
were classed as self-sterile from tests with paper bags produced fairly 
good seed in field isolations. The best field results with self-fertiliza- 
tion were secured in the higher valleys of northern Utah (5,000 to 
6,000 feet elevation), where temperatures were lower than in Salt 
Lake Valley (about 4,300 feet elevation). 

A surprising amount of self-fertilized seed was set on some self- 
sterile plants in early summer near the end of each season’s work in 
the greenhouse and after a prolonged period of flowering. Experience 
with clone 19, a selection from the 12c strain, was particularly con- 
spicuous. For 2 years this clone was studied in connection with 
cross-sterility with other 12c plants. Results were confusing the 
first year (1931), but near the end of the next spring this clone produced 
self-fertilized seed in abundance in the greenhouse. A month earlier 
the same plants were strongly self-sterile, and a further test of new 
plants of the same clone in the field in 1932 again indicated complete 
self-sterility. A similar observation was made with the self-sterile 
clone 144 derived from the U. S. 1 variety. A quantity of self- 
fertilized seed was secured late in the season on an old plant after the 
clone had been studied for a period of 4 years and always observed to 
be strongly self-sterile. It was apparent after these experiences that 
classifications for self-fertility were not always reliable on old plants 
late in the season in the greenhouse, after a prolonged period of 
flowering. 

It is perhaps significant that this unusual self-fertility was most 
noticeable at the end of the season in the greenhouse on plants that 
had passed through several flowering periods. The best flowers were 
usually produced with the first flowering, and under field conditions 
this is normally the final flowering. In the greenhouse, on the other 
hand, it is possible to cut off part of the inflorescence and, with proper 
growing conditions, produce new flowering branches. This process 
wasjsometimes repeated four or five times in a season, and self-fer- 
tility was most noticeable during the later periods, This resembles 
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the exceptional self-fertility at the end of the season that East and 
Park (11) have described in self-sterile species of Nicotiana. An 
explanation of this end-season fertility suggested by East and Park 
(11) is the disappearance from the style of substances that had previ- 
ously been responsible for a chemical antagonism between the stylar 
tissue and pollen tubes. 


NONRECIPROCAL CROSS-STERILITY IN THE 12C STRAIN 


A special feature of the cross-sterility found in the 12¢ strain was 
a decided nonreciprocal behavior. Many of the observed results, 
including the nonreciprocal behavior, agree rather well with expected 
results, assuming duplicate oppositional factors (2/) for sterility. 
This theory, therefore, will be described as data are presented, although 
experiments were not carried far enough to check certain crucial points. 

Twenty plants from 
a closely bred selection 





from the 12c strain 3 
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plants (fig. 1). Clone in margins, and genotypes of all F, offspring 
4 was sterile to pollen shown for the three fertile combinations. 
from clones 1 and 2, 
but clones 1 and 2 were fertile to pollen from clone 4. Clone 2 was 
sterile to pollen from clone 1, but clone 1 was fertile to pollen from 
clone 2. These results were clearly defined and were confirmed by 
means of repeated tests during the course of 4 years’ work. 

To explain the breeding behavior of clones 1, 2, and 4 on the basis 
of duplicate factors for sterility, good agreement between theory and 
most of the observations results if it is assumed that clone 1 was of 
constitution S'S'Z'Z?; clone 2, S'S?Z°Z*; and clone 4, S'S?Z°Z*. The 
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Z factors are assumed to be exact duplicates of the S factors but carried 
by different chromosomes; that is, S' is assumed to have exactly the 
same effect as Z', and S? the same as Z’, etc. Pollen is assumed to 
be effective if it carries an allelomorph of either S or Z not present 
in stigmatic tissue. In accordance with this theory all possible F;, 
genotypes for the three fertile combinations among clones 1, 2, and 
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Fiaure 2.—Observed results and explanation, on basis of duplicate factors, of 
cross-sterility among F; plants from clone 1 Xx clone 2 and with parental 
clones 1, 2, and 4. 


4 are indicated in figure 1. For the F, population derived from clone 
2 X clone 4, the genotype S'S?Z°Z* occurs twice because it is formed 
in two different ways. 

The reactions of the F, plants from clone 1 X clone 2 are shown in 
figure 2. Both theory and observation indicate 2 distinct classes 
of F, plants. According to the theory, 3 genotypes, S'S'Z?Z', S'S?Z'Z°, 
_ and S'S°Z?Z*, carry 3 kinds of genes (S' or Z', S? or Z?, and S* or Z*) 
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and are expected to be sterile to pollen from clones 1 and 2 and all 
of the F, plants. Another class of plants, consisting of 1 genotype, 
S'S'Z'Z*, carries only 2 kinds of genes, and, failing to carry S? or Z?, 
it is expected to be fertile with half of the pollen from clones 1 and 2 
as well as with three-fourths of the pollen from clone 4 and all F, 
plants except those within its own class. The theory requires a 3 : 1 
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Ficure 3,—Observed results and explanation, on basis of duplicate factors, of 


cross-sterility among F; plants from clone 2 X clone 4 and with the parental 
clones 1, 2, and 4. 


ratio for these 2 classes of plants, while 5 plants (A to E) were observed 
in the first class and 2 plants (F and G) were observed in the second 
class. Unfortunately, this theory, which agrees so well with observed 
results, was not in mind when the sterility reactions were being tested, 
and critical data regarding sterility between plants F and G (fig. 2) 
were not recorded. The F; plants, clone 1 X clone 2, were also segre- 
gated for male sterility. Of 60 plants observed, 40 produced normal 
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pollen and 20 produced partly or completely aborted pollen. Only 
plants that produced normal pollen were used in the studies indicated 
in figure 2. 

All observed results agree perfectly with the expected sterility and 
fertility reactions from the F, plants, clone 2 x clone 4 (fig. 3), but 
several gaps occur in the observations. Half of the F, plants, or the 
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Figure 4.—Observed results of cross-sterility among F; plants of clone 1 < clone 4 
and with parental clones 1, 2, and 4. 


genotypes S'S'Z°Z‘ and S*S?Z*Z‘, are expected to be fertile as females 
in all combinations, except in crosses between identical genotypes, 
and half (S'S?Z*Z*), formed in two different ways (fig. 1), are expected 
to be sterile as females in all combinations. Figure 3 shows four plants 
(A to D) that appear to belong in the first class and six plants (E to J) 
that appear to belong in the second class. 

Reactions with clone 4 and F, plants, clone 2 X clone 4, were tested 
further with additional plants grown in the field. An abundance of 
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pollen, collected in paper bags from 45 F; plants, was mixed and applied 
to branches of clone 4 previously protected from foreign pollen by 
paper bags. The results were all negative, indicating complete cross- 
sterility of clone 4 with pollen from all of the 45 plants in the F, popu- 
lation. Pollen from clone 4 was also applied to the 45 F, plants, and 
results may be added to those for the 10 plants indicated in figure 3. 
This makes a total of 55 F, plants tested, of which 29 were fertile and 
26 were sterile to the pollen from clone 4. This is a good 1:1 ratio 
and agrees with expected results. 

Some of the observed results (fig. 4) with the F, plants, clone 1 
clone 4, do not agree with what is expected from the theoretical con- 
siderations. The eight classes of F; genotypes (S'S'Z'Z*, S'S'Z'Z', 
SS ZZ, S'S'Z7Z*, S'S*Z'Z*, S'S'Z’?Z°, S'S?Z'Z*, and S'S Z?Z*) 
expected from clone 1 X clone 4 are indicated in figure 1. The genes 
Z and Z* do not occur together in any one of these eight genotypes, 
hence all F, plants should be fertile to pollen from clone 4 (S'S?Z*Z‘). 
Observed results with the F, plants I and J (fig. 4), which show 
sterility to clone 4 pollen, are, therefore, not in agreement with the 
expected results. It can be shown that the theory does not explain 
the behavior of the F; plant I (fig. 4), which was tested in seven of the 
nine possible combinations with other F, plants and was sterile as a 
female in all combinations for which it was tested. Another disagree- 
ment with expected results is the consistently positive reaction of 
clone 2 with pollen from F, plants when a 1:1 ratio of positive to 
negative reactions is expected. 4 

Other observed results with the F,; population, clone 1 X clone 4, 
are in agreement with the theory of duplicate factors under consider- 
ation. The reactions with plant F as a female (fig. 4) are particularly 
indicative of what is expected. If this plant were of constitution 
SS'2Z', S'S?Z?Z*, or S'S?Z'Z'*, the absence of the Z* gene would 
explain the negative reaction to pollen from clone 1 (S'S'Z'Z?) and the 
positive reaction to pollen from both clone 2 (S'S?Z°Z*) and clone 4 
(S'S?Z°Z*). If plants A to D (fig. 4) were of constitution S'S'Z'Z?* or 
S'S'Z'Z*, their consistently positive reactions as females with pollen 
from clones 1,2,and 4 and with most of the F, plants could be explained. 

The experiments were not carried far enough to constitute a critical 
check on the theory of duplicate factors, but in general the agreement 
between theoretical and observed results is sufficiently close to warrant 
careful consideration of this theory in any future work that might be 
attempted. Reactions among the three parental clones 1, 2, and 4, 
and results with F, plants, clone 1 X clone 2, and clone 2 X clone 4, 
agree remarkably well with expected results on the basis of duplicate 
factors for cross-sterility. The possibility of modifying genes re- 
sponsible for lack of agreement between observed and expected results 
with the F; plants, clone 1 X clone 4, may be considered, but data are 
too limited to postulate the precise behavior of such modifiers. 


INHERITANCE OF SELF-FERTILITY 


It will be shown that self-fertility in beets may be determined by a 
single genetic factor designated S’. Although the inheritance of self- 
fertility is well explained by this single factor, the allelomorphs of S’, 
expected to determine cross-sterility reactions, could not be identified. 
The evidence clearly indicates the presence of auxiliary factors for 
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cross-sterility in addition to allelomorphs of the factor S%. The exact 
nature of these auxiliary factors is unknown, but one series of back- 
crosses gave results in agreement with expectation, assuming a dupli- 
cate series of Z factors in addition to the S series. In another series of 
backcrosses the results failed to agree entirely with expectation based 
upon duplicate factors. 

The designation for homozygous self-fertile plants will be S/S’, 
and for heterozygous self-fertile plants S’S* (or S’S® or S’S*). For 
convenience all self-sterile plants are arbitrarily designated S‘S?, 
although in a group of self-sterile plants many different S allelomorphs 
may be involved. In general, crosses between self-sterile plants and 
heterozygous self-fertile plants will be designated S*S’ S/S’. Here 
S? in relation to S* and S” is unknown but, without proof to the con- 
trary, it may be assumed in each case to be different from S* or 8’. 
When necessary to consider duplicate factors for cross-sterility, 
different S and Z factors are distinguished by numerical superscripts, 
with S'S?Z°Z', etc., representing self-sterile plants and S’S?Z3Z', etc., 
representing heterozygous self-fertile plants with the factor for self- 
fertility limited to the S series. The allelomorph S’, responsible for 
self-fertility, is the only factor in the S series whose identity is believed 
to be established; hence, all other designations are purely arbitrary. 

In hybrids to be described, the factor S’ for self-fertility came either 
from the curly top resistant strain 1167 or from clone 70, a selection from 
the Tracy strain 2769. The self-sterile clones 90 and 144, used in 


backcross studies, were derived from the curly top resistant variety 
ont. Se a 





TaBLE 1.—Backcross and F; data for the factor Sf for self-fertility 
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4356A-673 selfed__ CR Rare On ear 5375 17 0 
4514-635 selfed ___ __ apdhe cumblgeekattie ss 5426 23 0 
Era Re SMELLS Sana reece Sua Sie serene aa 5428 10 0 
INES are Pe SSR Fe Oe RACE: RRC? Ae 97 0 
Self-sterile X homozy om self-fertile, SeS* « S/S/: 
EN Ci ea ne ee Baa Loa tniwawne 3139 108 2 
ne occas eek ccm 4356A 0 
Nee en cuwiseceidebadaewene 4407 15 0 
3474-35 X 2255-7_..........-- Se RRL TERE CLE Rp FS ae eee 4712 16 0 
Neen ene ne eG a ic aghammaseccamanien 146 2 














1 The population obtained by the self-fertilization of 0la-1 became known as 1167. 
Fi oo ~— population 1166 supplied by F. A. Abegg, Division of Sugar Plant Investigations, Bureau o! 
ant ustry. 
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The combined results of crosses between self-steriles S*S°® and 
heterozygous self-fertiles S’S* used as pollen parents (table 1) show 
206 self-fertile and 187 self-sterile plants, which is a fairly good 1 : 1 
ratio. This 1 : 1 ratio is in accord with the hypothesis of a single 
factor for self-fertility. 

Selfing heterozygous self-fertile plants S’S* (or S’S”) produced a 
total of 97 self-fertile plants (table 1) but no self-sterile plants. This 
indicates that pollen with allelomorphs S* or S’ was unable to produce 
self-fertilization on S‘S* (or S4S”) plants. 

Homozygous S’S’ plants were demonstrated in population 2255. 
Four populations resulting from self-sterile seed parents S*S’ xX 
homozygous 2255, S/S’, plants are shown in table 1. All the offspring 
were expected to be self-fertile, and from 148 plants tested 146 were 
observed to be self-fertile and 2 self-sterile. The2self-sterilesmay have 
come from the scant self-fertilization of the self-sterile seed parents, 
which were not emasculated in making the crosses. 


TaBLE 2.—Backcross data for S/ and R 












































| 
Population No. | RS! plants | R S- plants| r Sf plants |r S: plants 
| Number Number Number | Number 
588... | 8 8 10 
590_. -- ee ‘& . 4 3 6 7 
Se te ek a 4 7 4 6 
6213... i KG s | 17 17 26 24 
§214 12 15 15 15 
6159___ 21 17 14 15 
6283. i = 14 8 6 7 
Sa eee eer se, 80 79 81 84 
Expected with R and S/ independent -____-_____--- a 81 81 81 81 
TABLE 3.—F, data for Sf and R from R r S/S* plants selfed 
Individuals | 
Population No. re NR RL I SS Feat Ae 1x? 
R Tr Total 
eae woes | sel 
Number Number Number 

MASS Packet ee athe ait te tages bea ke cece Pama 746 259 1, 005 0. 319 
Se Aa Sa Sea ROSE Rowe Wace win eeREb ees 763 272 1, 035 . 905 
ae ae SER Se aoe ee ee me te 260 58 318 7. 753 
OR EE OL ee ie wating 286 95 381 . 001 
ac la eg OS eee hd cian oe 88 24 112 . 762 
Ms his oh ae ee a acus Luau ko beatineae 2, 143 708 2, 851 . 042 











! For each x? there is 1 degree of freedom; x?= 6.635 indicates a discrepancy equal to the 1-percent level 
of significance (14). 





Independent inheritance between self-fertility produced by S’ and 
the red hypocotyl factor R (16) is indicated in backcross populations 
(table 2). The observed distribution was 80 : 79 : 81 : 84, where the 
theoretically expected number, assuming independence between S’ 
and R, is 81 plants for each class. Independent inheritance between 
S’ and R is also shown by F, data (table 3). The F, populations were 
secured by selfing R r S/S? plants, where, if linkage is assumed, R 
and S’ entered in the coupling phase. In selfing heterozygous plants, 
S/S, it has been shown (table 1) that, in general, only S’ pollen 











Be soon 
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Fieure 5.—Results of self-fertility expected in the F, generation and in back- i 
crosses, with duplicate factors responsible for cross-sterility. With parental 
constitutions as indicated, a 1 : 1 ratio of self-fertile to self-sterile plants is l 
expected in the F; generation, and a 2 : 1 ratio of self-fertile to self-sterile plants f 
is expected in the first backcross. There are two types of populations in the s 
second backcross generation: Class A, giving all self-fertiles; and class B, f 
giving 2 : 1 ratios of self-fertile to self-sterile plants. Gametes are indicated 
by showing superscripts only, 1-3 representing gametes S!Z?, ete. ‘ 
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functions. Therefore, if R were completely linked with S’ all F, 
plants should have carried R and any significant amount of linkage 
would be revealed by a deficiency of r plants. In table 3, a deficiency 
of r plants is indicated for population 8514 (260 #:58 r plants), but the 
other 4 F, populations show normal 3:1 ratios. The combined 
results for the 5 populations show 2,143 R to 708 r plants, which is 
a good 3:1 ratio and indicates independence between S’ and R. 

The presence of duplicate sterility factors is indicated by the 
behavior of successive backcrosses to the self-sterile clone 144 (table 
4 and fig. 5). Clone 144, arbitrarily designated S'S?Z°Z‘, was 
crossed with the self-fertile clone 70. Clone 70 proved to be heter- 
ozygous for self-fertility and, to illustrate theoretical assumptions, is 
assumed to be of constitution S‘S*°Z°Z’. Segregation was observed 
in the F, population with 4 self-fertile plants and 2 self-sterile plants 
(table 4). In the first backcross generation there were 11 self-fertile 
and 5 self-sterile plants. In the second backcross generation there 
were 52 self-fertile but no self-sterile plants. These results are all in 
agreement with expectation based on the assumption of duplicate 
sterility factors. 


TABLE 4.—Inheritance of self-fertility in successive backcrosses to self-sterile 
clone 144 


Population | Self-fertile | Self-sterile 
No. plants | plants 


: : | 
F, generation, S'S?7374x S/S57677; | Number | 


Hybrid or backcross 





Number 
SEED DUO TO oo oi no a eon bsedicocunsecens ie 4514 | 4 2 
First backcross, S'\S?7374x S/S1Z3 76: | | } 
Clone 144 4514-635 5247 11 | 5 
Second backcross, S'S27374x S/S!73 74; 2 
Oooo oo ee dens ch oaweRee ce 6169 52 0 





1 S/S1Z3Z6 is 1 of 8 different self-fertile genoty pes expected in the F,, all of which, when used as pollen parents, 
produce 2 : 1 ratios of self-fertile to self-sterile offspring in the first backcross generation. 

2S/S'Z3Z4 is 1 of 4 different self-fertile genotypes expected in the first backcross which, when used as 
pollen parents, produce nothing but self-fertile offspring in the second backcross. Four other genotypes, 
S/S'Z3Z$, etc., if used similarly, produce 2 : | ratios of self-fertile to self-sterile plants, as in the first back- 
cross generation. (See fig. 5.) 


The nature of expected results in successive backerosses to a self- 
sterile plant is illustrated in figure 5. For convenience the self- 
sterile plant is assumed to be of constitution S'S?Z*Z* and the original 
self-fertile pollen plant, S’S°Z°Z’. With a pollen parent of the type 
S’S*Z°Z', heterozygous for S’,a 1: 1 ratio of self-fertile to self-sterile 
plants is expected in the F, generation. If the pollen parent were 
homozygous for S’ all F, plants would be self-fertile, but the type of 
results expected in backcrosses would remain the same. 

Of the possible 16 different F, genotypes that may be derived from 
the parental gametes indicated in figure 5, eight (S%S'Z°Z°, S/S'Z*Z°, 
ete.) carry S’ and should be self-fertile. The behavior, with regard 
to segregation for self-fertility in successive backcrosses, is the same 
irrespective of which of the eight self-fertile genotypes is used as a 
pollen parent in the first backcross. Self-fertile F; plants produce 
four types of gametes. The F, S/S'Z°Z°®, for instance, may produce 
S’Z’, S/Z°, S'Z, and S/Z® gametes, but S'Z* pollen is expected 
to be sterile in a backcross to the maternal parent S'S?Z*Z*. The 
sterility of the S'Z® class of pollen accounts for the 2 : 1 ratio of self- 
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fertile to self-sterile plants in the first backcross generation. In 
the second backcross generation two classes are expected, class A 
and class B (fig. 5). The theory requires that in class A all the 
offspring should be self-fertile and in class B there should be a 2:1 
ratio for self-fertile to self-sterile plants. Class A and class B popu- 
lations are expected with equal frequency. 

Class A populations in the second backcross generation involve 
self-fertile pollen plants of the type S’S'Z°Z* with three of the four 
genes in common with the self-sterile maternal parent S'S?Z5Z\, 
From S‘S'Z°Z* plants pollen carrying S/ is the only pollen that is 
functional with the S'S?Z°Z* clone; hence, all the Be carry S! 
and are expected to be self-fertile. In table 4 it appears that the 52 
self-fertile plants in the second backcross generation, population 6169, 
may be accounted for by the fact that it was of the class A type. 
The class B type of population, resembling the first backcross, is 
not represented in backcrosses to clone 144’ (table 4). 

Difficulty is encountered in attempting to explain backcrosses to 
clone 90 on the basis of duplicate factors for sterility. The results 
for these backcrosses are shown in table 5. Clone 90, rrS*S?, was 
first crossed with the self-fertile plant 2255-7, RRS‘S’, and the result- 
ing F, population was labeled 4356A. Clone 90 was then backcrossed 
through three generations to its own red self-fertile offspring (RrS’S" 


or RrS‘S°). 





TABLE 5.—Inheritance of self-fertility in successive backcrosses to self-sterile clone 90 




















Fe s Population Self-fertile Self-sterile 
Hybrid or backcross | No. plants plants 
es ae 
F; generation, S« ae SISS:1 | | Number Number 
Clone 90 2255-7 - - pase wane cekaccenewe | 4356A 7 
First backcross populations, S*S*XSIS" (or SIs HS): | | 
Clone 90X4356A-6 Phe vcedct 588 | 16 0 
Clone Oo 4356A 673. (Riad 0 EERO TES TE: OTE Eee 590 | 11 13 
__ RES-AR PICASSO ges ae Neo ap Medien re 27 33 
Second backcross pepeeiion, S2S>x S/S (or S/S): 
RIES SNES SET a aR A ae ee 6118 57 227 
Clone 90X590-19- iitinkn Oct 6119 13 12 
Third backcross populations, S«S>x SiSe (or S/S): 
8 aE REISS SSE nec rie Rosen ner o, 7128 23 25 








1 1 Evidence for a aati: set of Z factors (table 4) auaiiieiai in text, but, since all results _ clone 90 
backcrosses cannot be explained by duplicate factors, only the S series of factors is indicated her 

2 Deficiency of self-sterile plants, as compared with the number of self-fertile plants, in papeletions 6118 
and 7128, indicates selective action against S* or S> pollen. 


In the first backcross generation a total of 60 plants was tested 
(populations 588 and 590, table 5) of which 27 were self-fertile and 
33 were self-sterile, which is a good 1:1 ratio. This 1:1 ratio is not 
in agreement with expected results based upon the theory of duplicate 
sterility factors. A 2:1 ratio of self-fertile to self-sterile plants is 
expected with duplicate factors for sterility (fig. 5). Since a total of 
60 plants were tested and 33 were observed to be self-sterile, there is a 
deviation of 13 from expectation, which is over 3 times the standard 
error of 3.65. 

Results with population 6118, which represents a second backcross 
generation, show 57 self-fertile plants to 27 self-sterile plants, which is 
a good 2:1 ratio and agrees with results expected with duplicate 
factors for cross-sterility (fig. 5). Population 6119, however, which 
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is also a second generation backcross, produced 13 self-fertile to 12 
self-sterile plants; hence, these results agree more closely with a 1:1 
ratio. 

Population 7128 represents a third backcross generation. Of 28 
lants tested, 23 were self-fertile and 5 were self-aterile (table 5). 
The deficiency of self-sterile plants is too great to suggest a 2:1 ratio 
of self-fertile to self-sterile plants. 

Since the backcross data with clone 90 do not clearly fall in line 
with the theory of duplicate factors, it is possible that some other 
auxiliary factors may be involved. All backcross data, however, 
both with clone 144 (table 4) and clone 90 (table 5), show that a single 
series of S factors cannot control cross-sterility. If a single series of 
S factors determined cross-sterility, all plants in the first backcrosses 
should have been self-fertile, because the maternal plants S*S® would 
have been sterile to the S* (or S’) pollen from F, S/S* (or S/S”) plants. 
For S* (or S°) pollen to be effective in backcrosses to self-sterile parental 
clones, it is necessary to assume the presence of additional factors. 
The second and the third backcross generations represent a higher 
degree of inbreeding with a likelihood of greater similarity of geno- 
types between plants used for pollen parents and maternal parents. 
This closer approach to the genotype of the maternal parents may have 
been responsible for greater dependence upon the one allelic series of 
factors under investigation, with a greater deficiency of self-sterile 
plants in second and third backcross populations as indicated in 
tables 4 and 5. 

Special attention was given to the 27 self-sterile plants in population 
6118, a second backcross to clone 90 (table 5). Two of these 27 self- 
sterile plants produced aborted pollen. Nine of the self-sterile plants 
with normal pollen were subjected to further study. Clone 90, 
S*S’, was fully fertile to the pollen from seven of these nine plants of 
"yo agg 6118, assumed to be S*S* and S*S” (or S°S° and S*S”). 

esults with the seventh plant, G (table 6), were negative but ques- 
tioned, and the eighth plant was not tested. Six of the self-sterile 
plants, A, B, D, G, H, and I (table 6), were fully fertile to pollen of 
clone 90, and three plants, C, E, and F, were rather poorly fertile. 
Thirteen pollinations between respective self-sterile plants of popula- 
tion 6118 were also attempted. Seven of these crosses were fertile, 
and combinations EXH and HXC were the only two definitely 
incompatible combinations discovered. None of the self-sterile 
genotypes in population 6118 (S*S* and S*S” or S°S” and S*S°) could 
be fertile in either direction with clone 90 (S*S°) if S* and S° alone 
determined cross-sterility. Apparently the presence of duplicate or 
peep A factors made it possible to secure plants homozygous for 

* an 2 


TABLE 6.—Compatibility of self-sterile segregates from the second backcross popu- 
lation 6118 





Compatibility ! of self-sterile plants A to I in population 6118 with clone 90 
































Clone 90 as parent 
A B Cc D E | F G H I 
Clone 90 as female_-___...- eae Oe + + 2 | 5 (@) (3) + 
Clone 90 as pollen parent...| + (nish P oe P P + + + 





} Designations: + =fertile; P=poorly fertile. 2 Results negative but questioned. * Not tested. 
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SELF-FERTILITY BY MUTATION FROM THE 12C STRAIN 


The self-sterile clone 4, of the 12c strain, previously described and 
used extensively in connection with studies of cross-sterility, gave rise 
to a rather remarkable instance of self-fertility. Presumably the 
factor S’ for self-fertility arose from S* by mutation. 


FicurE 6.—Beets under heavy curly top exposure with uniform soil fertility and 
cultural care. Photographed September 21, 1940, at Salt Lake City, Utah. 
A, Strain 1167, used extensively for source of self-fertility factor S/; B, an 8; 
population from clone 4 of the 12¢ strain, with self-fertility apparently derived 
by mutation; C, susceptible European variety R. & G. Old Type. 


Four vigorous vegetative cuttings from clone 4 were planted in a 
sm are isolation in Ogden, Utah, in 1933. These plants grew 
well and flowered normally, but very few of the flowers were fertilized 
and only a scant supply of poorly developed seed was produced. 
This small supply of seed was carefully planted in a greenhouse. 
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Twenty seedlings grew from this seed, but all were either red garden 
beet or Swiss chard hybrids, except four plants that resembled the 
parental plant, clone 4, and looked like sugar beets. The male 
parentage of these four plants was of course much in doubt. Since 

llen from distant and unknown sources of red garden beets and 

wiss chard reached the isolation, the four seedlings resembling sugar 

beets may also have arisen from hybridization with distant sources 
of or He pollen. Without knowing their male parentage, the 
four plants were grown to the flowering stage and their sterility 1eac- 
tions were iatiad One of these plants was very exceptional because 
of a high degree of self-fertility. 

Self-fertilized S, seed produced under paper bags was collected 
from this self-fertile plant. From this S, seed, 29 plants were grown 
and tested, and 28 were found to be highly self-fertile. 

If this self-fertility arose from self-fertilization of clone 4, then 
mutation appears to be the only logical explanation. Certain facts 
indicate that the original self-fertile plant probably did arise by 
mutation rather than by contamination from a distant source of 
pollen. The curly top resistance and uniformity in bolting tendency 
of the offspring were factors furnishing conclusive evidence. Clone 
4 was resistant to curly top but not so highly resistant as strain 1167. 
In 1933, when clone 4 plants were isolated at Ogden, curly top resistant 
varieties were not available to commercial growers; therefore, any 
sugar-beet pollen likely to have reached the isolation would have 
been from European varieties susceptible to curly top. , 

The S, population derived from selfing the original self-fertile plant 
showed a high degree of uniformity for a fast bolting tendency similar 
to that of sons 4. Twenty S; populations derived from selfing the 
S, plants were tested for curly top resistance in 1940. The degree of 
uniformity in leaf type and in curly top resistance was sufficient to 
tule out any possibility of origin through hybridization in the 1933 
isolation with a susceptible variety. The S; plants in the 20 S; popu- 
lations, when grown under a heavy curly top exposure, were remark- 
ably uniform for the rather unusual leaf type and intermediate degree 
of curly top resistance shown in figure 6, B. 


DISCUSSION 


Any hypothesis to account for the observed results on self- and 
cross-sterility in sugar beets must involve some complexity. It was 
found necessary to assume the presence of duplicate oppositional 
factors to give a satisfactory explanation of the cided tt data. 
Unknown auxiliary factors apparently further complicated some of the 
results on cross-sterility. In contrast with the complexity of in- 
heritance of cross-sterility, the inheritance of a high degree of self- 
fertility in sugar beets was found to be produced by the single factor S’. 

The simplicity of the inheritance of self-fertility is of much interest 
to the plant breeder. The knowledge that a single factor, S’, produces 
’ self-fertility simplifies the problem of obtaining inbred lines. With © 
only a single factor involved, it becomes a simple matter to transfer 
the self-fertility character to any material desired. As soon as the 
factor S’ is introduced, inbred lines can be easily produced under 
paper bags or by any other feasible means of isolation. This factor 
for self-fertility has been added to a wide variety of curly top resistant 

463795—42——2 
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strains of sugar beets at the Salt Lake City laboratory of the Division 
of Sugar Plant Investigations. 

The F, hybrids between self-sterile and self-fertile plants, hetcro- 
zygous for the factor S’, have shown a remarkably high degree of 
self-fertility. This increased self-fertility seems to be associated with 
hybrid vigor. Large quantities of pollen are produced by these 
vigorous F, plants. In several instances the degree of self-fertility 
apparently decreased with inbreeding. Sundelin (30) reported similar 
observations and made what appears to be a logical assumption that 
the apparent decrease in degree of self-fertility sometimes associated 
with continued inbreeding is caused by a general decrease in vigor. 
The inbred lines that lack vigor have been inclined to be slow to 
flower, thus encountering hotter and more unfavorable weather under 
field conditions. In some instances inbred lines have been very poor 
pollen producers. 

Full utilization of self-fertility in breeding work, however, is depend- 
ent upon further information, because there are certain disadvantages 
in self-fertility when hybridization is desired. Recovery of self- 
sterility from self-fertile plants is not difficult as long as the factor S/ 
for self-fertility is held in the heterozygous condition. Hybrids 
between self-steriles S*S® and heterozygous self-fertiles S%S* yielded 
50 percent self-steriles S*S* (or S°S*), and self-sterile segregates were 
easily identified by means of tests with paper bags. However, the 
maintenance of the factor S’ in the heterozygous condition requires 
continuous backcrossing to self-sterile plants, which may not be a 
practical procedure unless some simplified methods can be devised. 
Knowledge of linkage between the factor S’ and other Mendelian 
characters would be of particular interest. No linkage between the 
factor S/ and the factor R for red hypocotyl and plant color is indi- 
cated in data reported (tables 2 and 3). 

The existence of intermediate or partly self-fertile types, which were 
largely avoided in the present studies, adds further complexity to 
genetic interpretations. Indications of embryo abortion associated 
with this partly self-fertile condition were observed in the Tracy strain 
2769. These plants were not self-fertile, nor could they be considered 
as typically self-sterile. The pericarps of the seed balls under paper 
bags in the greenhouse swelled quickly after the flowers opened, a 
behavior similar to that of fully self-fertile plants, and the stigma lobes 
disintegrated quickly, making the use of paper bags impossible in the 
work of hybridization. Nevertheless, these plants produced nothing 
but empty seed balls, while known self-fertile plants under the same 
conditions produced good viable seed. From the limited observations 
made, it appeared that fertilization had probably been completed in 
many cases and that death of the embryo was the cause of these 
empty seed balls. These observations are in agreement with those of 
Kharechko-Savitskafa (17, 19),who has described death of the beet 
embryo as a common result of self-fertilization. Brink and Cooper’s 


_ (6) work on alfalfa indicates that death of the young embryo may 


commonly be associated with self-fertilization. 


SUMMARY 


The degree of self-sterility in Beta vulgaris L. was found to be de- 
termined by both environmental and heritable influences. Under 
greenhouse conditions end-season self-fertility was pronounced with 
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certain self-sterile plants. Intermediate types with a partly self- 
fertile condition, which was clearly heritable, were observed, but these 
types were avoided in attempting a genetic analysis of self-sterility 
and fertility. 

Cross-sterility was found to be common in the curly top resistant 
line 12c. This cross-sterility was frequently nonreciprocal in be- 
havior. An explanation based on a duplicate series of oppositional 
factors explains most of the results. 

A highly self-fertile condition was produced by a single Mendelian 
factor designated S’. The expression of the factor S’ was clearly 
defined; but identification of other S factors, believed associated with 
self-sterility and allelic to S’, was difficult owing to the presence of 
unknown auxiliary factors or to duplicate factors that were not 
identified. Self-sterile plants were designated S*S®; and F, hybrids 
with self-fertiles, S‘S* or S/S®. The S* (or S”) pollen did not produce 
self-fertilization on F, S%S* plants. The heterozygous S/’S* plants 
bred true for self-fertility, presumably with the production of only 
S/S’ and S‘S* offspring. No linkage was detected between the factor 
S! for self-fertility and the factor R for red plant and hypocotyl 
color. One instance is reported where self-fertility arose suddenly 
in a self-sterile line, presumably by mutation. 
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GENETICS OF PSEUDO-SELF-COMPATIBILITY AND ITS 
RELATION TO CROSS-INCOMPATIBILITY 
IN TRIFOLIUM REPENS' 


By Sanrorp 8. Atwoop 


Associate Agronomist, Division of Forage Crops and Diseases, Bureau of Plant 
Industry, United States Department of Agriculture 


INTRODUCTION 


When a large number of white clover (Trifolium repens L.) plants, 
grown from open-pollinated seed, were self-pollinated under bag in the 
field (3),? a few were self-incompatible, a few others were as self- 
compatible as they were cross-compatible, but the large majority were 
intermediate, setting only a few seeds per head. This intermediate 
self-compatibility has been called ‘‘pseudo-self-compatibility”’ by pre- 
vious workers, and the term will be used here in that general sense. 
Much variation has been found regularly in pseudo-self-compatibility, 
not only between plants but also within plants. No method has been 
found to eliminate the latter variation, but all mean values have been 
based on at least several heads. Williams (8) has described plants of 
white clover that set only a few seeds per head, but he did not report 
on the inheritance of this character. Since this ability of a plant to 
set selfed seeds, even though relatively low in olt-aenansiid ites: has 
obvious importance in a breeding program, it was desired to deter- 
mine the genetic mechanism responsible and its relation to that causing 
self- and cross-incompatibility (1). 


MATERIALS AND METHODS 


The female parent of the Trifolium repens used in this investigation 
came from seed collected in Maryland, and the male parent from seed 
collected in New York. The cross between them was made in the 
winter of 1937-38, with clonal increases grown in the greenhouse. The 
F, population was planted in the field in 1938, the F, in 1939, and the 
F; in 1940. Every plant of the progeny has been similar to the two 
parents in having solid green leaves, the recessive condition to most 
of the common leaf markings found. The plants selected for green- 
house study were chosen principally for their vigor, good flowering, 
and freedom from disease. All crosses were made in screened green- 
houses during the winter. The techniques used for emasculating and 
pollinating in the greenhouse, as well as for self-pollination under bag 
in the field, have already been described (3). 


EXPERIMENTAL RESULTS 
BEHAVIOR OF PARENT PLANTS 


gs their first summer in the field (1937) about one-half of the 
10,000 plants in the nursery flowered. Over 200 of these were bagged, 
and the plant setting the highest number of seeds was chosen as the 


1 Received for publication October 17, 1941. The work reported in this paper was done under an allotment 
from the Special Research Fund authorized by Title I of the Bankhead-Jones Act of June 29, 1935. It was 
Performed at the U. S. Regional Pasture Research Laboratory, State College, Pa., which is maintained in 
cooperation with the Agricultural experiment stations of the 12 Northeastern States. 

2 Italic numbers in parentheses refer to Literature Cited, p. 709. 
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female parent (plant 2-1 or group 2-I in all tables). The 2 heads 
enclosed at that time averaged 115 seeds per head. In the following 
winter in the greenhouse, the manipulated heads averaged 55.4 seeds, 
while the next summer in the field only 21.5 seeds per head were 
obtained. As shown in table 1, the averages for 1939 and 1940 were 
51.8 and 37.5, respectively. With bee pollination under a cage (3), 
this plant averaged only 19.4 seeds per head. Although the inter- 
annual variation was very great, this parent appeared to represent an 
extreme type of pseudo-self-compatibility. Few other plants have 
averaged as many seeds per head without also giving evidence of true 
self-compatibility (2). 

It should be noted that pseudo-self-compatibility is brought into 
expression only by manipulation of the heads. In the greenhouse 
during 1938-39, 10 flowers on 1 head of the female parent were selfed 
following emasculation, 2 similar heads were selfed without emascula- 
tion, and 1 was selfed in the bud. One of the unemasculated heads 
bore 4 seeds, but the others had none. Similar results were obtained 
with the F, and F, plants. When an abundance of pollen was placed 
on the stigma by hand in the greenhouse, these plants proved almost 
self-incompatible. Yet with the supposedly much less precise pollina- 
tion resulting from rubbing of entire heads, the same plants showed a 
high degree of pseudo-self-compatibility. A similar behavior has been 
found with other unrelated pseudo-self-compatible plants. When a 
large amount of self pollen is placed on the stigma, the incompatibility 
reaction is so potent as to prevent almost all pollen tubes from growing 
through the style (4). On the other hand, it has been observed that 
with manipulation relatively few pollen grains adhere to the stigma. 
In this case, the Memmi: Fa reaction may not be so strong, and 
there may be a better chance for fertilization. 

The original male parent (plant 2-2 or group 2-II in all tables) 
yielded no seed when manipulated under bag in 1937. The following 
winter in the greenhouse it produced by manipulation only 1.5 seeds 
per head, but the next summer in the field it again produced no selfed 
seed. Similarly, in 1939 and 1940 its seed set was very low (table 1); 
comparatively speaking, this plant may be considered practically self- 
incompatible. 


GENETICS OF CROSS-INCOMPATIBILITY AMONG PSEUDO-SELF-COMPATIBLE PLANTS 


The seed set obtained when crossing reciprocally in all combinations 
the 13 selected F, plants and also the seed set from the reciprocal back- 
crosses to both parents are shown in table 1. Almost every cross was 
made twice and a few were made three times, the replicates usually 
being made by different persons, some on the same day and others at 
various intervals up to 7 weeks. Since the largest number of seeds 
obtained was considered the most accurate measure of the true poten- 
tialities of a combination, only the higher or highest seed set of the 
replicates is recorded in table 1. Lower numbers probably resulted 
from poor pollination or from damage during crossing and seed ripening 
rather than from reduced compatibility. Although replicates usually 
varied somewhat in number of seeds, 1t was generally not difficult to 
decide whether a particular head had been involved in a compatible 
or an incompatible mating, and in no case did replicates give different 
compatibility results. The average of the higher seed set among the 
compatible F, intercrosses was 40.8 per 10 flowers, whereas the average 
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obtained from 104 incompatible F, crosses and selfs, including repli- 
cates, was 0.18. About one-half of these seeds produced in the green- 
house from incompatible matings proved contaminants when a sample 
of them was tested for possible homozygosity. In other words, the 
average of the incompatible matings should really be about 0.09, 
which effectively doubles the ratio between compatible and i incompat- 
ible crosses in average seed set. 

Four intrasterile, interfertile groups of 4, 4, 3, and 2 plants, respec- 
tively, were found among the F,; population. From this it can be 
inferred that cross-incompatibility among pseudo-self-compatible 
plants is determined by a series of multiple oppositional factors (6), 
and that the heterozygous parents used here differed in all four fac tors 
which they carried. According to this hypothesis, all backcrosses to 
both parents should be compatible in both directions. As shown in 
table 1, however, the backcrosses of two of the F, groups (2-III and 
2—V) with the original female parent (2-1) as male were incompatible. 
This difference between reciprocal backcrosses can be explained best 
on the assumption that the plant involved (2-I) is homozygous for 
S factors; but, as already pointed out, it must originally have been 
heterozygous i in order to yield four F, groups when crossed with 2-II. 
It is postulated, therefore, that subsequent to the original cross either 
a mutation occurred to make this plant homozygous or a contamina- 
tion occurred in the field. The plant was perpetuated in the field as 
clonal slips between the time of the original cross and the time of the 
backcrosses with the F; plants. Since all other results with this plant 
have been interpreted best on the assumption that all supposed clones 
of the female parent were homozygous, the plant is so designated in 
tables 4 and 5. 

Because the genetic explanation of cross-incompatibility among 
pseudo-self-compatible plants is similar to that for self-incompatible 
plants, it seemed desirable to determine whether any of the S factors 
in the plants used here were identical with those previously reported 
(1). The four homozygous genotypes obtained in the 2-series (see 
p. 704) were crossed as males (table 2) onto the six groups.of the 1-series 


TABLE 2,—Number of seeds set per 10 flowers when the 4 homozygous plants of the 
2-series were crossed onto the 6 groups of the 1-series 








Female parent Seeds set ! after pollination with plant of genotype- 





























l 
| | 4 Average for 
Group No. Genotype} SiS; | SsSs | SeSe S;S; | compatible 
| | crosses 
Number | Number | Nu wer | Number | Number 
1-I__._. Pe aa eeieae neat Paes SiS2 52 51 43 48.2 
eee tek se Aah, 5 oe eS 83S [°] 215 2 1 31.0 
I 354 | | 18 3 
1-III Misetee GREY Rina EET, SiSs 38 | 40 | 37 | 38 38.2 
1-IV_... Ce Ari ae Re Bs 52 4 51 | * 51 52.5 
EMAILS OE RAP ID PRS SiS4 | 46 | 53 47 48.7 
Se ie es mee ee 4 eee. | +24 | 46.0 
| 





1 Values enclosed in heavy black lines are incompatible crosses. 


2 Cross was recorded as compatible by reflection of pedicels on third day after pollination. This abnor- 
mally low seed set was omitted from average for plant. 


described in a previous paper (1). The homozygous genotype that 
was incompatible with one parental (1-II) and two F, groups (1—-V 
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and 1-VI) must have borne the gene common to these three groups, 
namely S,. Since all other combinations were compatible, the other 
three factors in the 2-series must have been different from those in 
the 1-series, and they have been called S;, Ss, and S;. A second test 
confirmed these results. When four intrasterile, interfertile groups 
are found in an F, population, these four groups, together with those 
of the two parents, constitute the six possible combinations in pairs 
of the four genes brought together in the original cross. The second 
test, therefore, consisted of crossing in all combinations the six groups 
found in the 1-series (1) with those found in the 2-series. With the 
groups of the 2-series as female, all 36 combinations were compatible, 
but with the 1-series as female, three of the 36 combinations failed. 
These involved the matings of 2-I as male with one parental (1-II) 
and two F, groups (1—V and 1—VI) of the 1-series. Here again, recip- 
rocal matings are different, and they provide evidence not only that 
one gene of the 2-series must be the same as one in the 1-series, but 
that the particular gene is homozygous in the parent plant 2-I. 

In order to assign genotypes to the six groups and to test further 
the hypotheses used to explain the reaction of 2-I, an F, test was 
carried out similar to that with the 1-series (1). Three F, intercrosses, 
involving matings of one of the F, groups as female with each of the 
other three, were selected for further test. In the case of the 1-series, 
a gene from each parent was arbitrarily assigned to one of the F, 
groups, and the other three groups were defined by their reaction with_ 
this first group. Here, however, one of the genes, S,, is already defined 
because of its previous designation in the 1-series. Since the group 
used as female in these crosses did not bear S, (see reaction of 2-I in 
table 1), this group must have borne the other gene from the original 
female, together with one from its male parent. The genes assigned 
to this group were S; and S,, and it has been called group 2-IV. The 
genotypes of the 2-series are as follows: 


(1) (iD) 
3455 X SoS; 


(It) (IV) 1 (V) (VI) 
SSo+SsSet SaS;4-S5S; 


The three F, intercrosses should then yield as follows: 


(IV) (I (1) (It 
S3S5X SuSs—— SS; + SS, 


(IV) (V) (dy) dit) (Vl) dp 
S5S5X SiS;—— SS; + SiS, + S3S,+ SyS7 


(IV) (VI) (VI) (I) 
S585 S;S;—— SS, + 8,8; 


When 38 F, plants were tested by backcrossing to the P and F, 
groups, only expected groups were obtained (table 3). This confirms 
the diploid personate theory of multiple oppositional factors as an 
explanation of cross-incompatibility among pseudo-self-compatible 
plants of white clover. Although the segregating progenies were small, 
the agreement between expected and obtained ratios was satisfactory 
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TABLE 3.—Segregations of intrasterile, interfertile groups in F, and F, 
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in every case. Not all possible reciprocal combinations between F;, 
plants and the 6 test groups were made, but there were enough crosses 
with every plant to be certain of its genotype. The reflection of the 
pedicels (1) was a good measure of compatibility with these plants, 
so that few of the F, crosses were made in duplicate. Here, as with 
the F;, plants, no difficulty was generally experienced in distinguishing 
compatible from incompatible crosses. Since the data are similar to 
those obtained with self-incompatible plants (1), seed set is shown 
from only 4 F, plants (table 4). The types of behavior shown here 
are characteristic of those obtained with all 38 F; plants. 


TABLE 4.—Number of seeds set per 10 flowers when typical F, plants from cross 
2-IVX2-V (2-14X 2-6) were backcrossed to P and F; groups 
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4 type | No. —. 2-1) | 211 | 211 | 2Iv | ov | 2VvI 

¥ (SsSi)_| (SeS2) | (SiSs) | (SsSe) | (SiS) | (S582) 
Number| Number; Number| Number| Number| Number 
ns “eee } of] 4 33 47 43 4 

“Recovered” 2-I_._....-..-- SySs 2-31 - 
A {§ ROW: 7 43 49 9 35 : 
" fae. 34 0 39 (32) 33 9 
2II...-------- SeSr | 2-124 {3 ee 33 0 44 32 35 32 
8 .... os °| Rea was 30 39 
| Caen tes SiS | 2-128 ; 

is ewan 40 38 3 23 25 25 

f Sey PEEPS | ama 45 40 20 24 47 0 
2-VI.........- GS | HBA | a7 49| 31 39 39 0 




















1 Values enclosed in heavy black lines are incompatible crosses. 


As stated, a few seeds were obtained from the incompatible crosses 
or selfs made with 10 flowers per head in the greenhouse, but consid- 
erably more were obtained from manipulation of entire heads, either 
in greenhouse or field. Representative individuals from these seeds 
were selected to be tested for homozygosity in the greenhouse by back- 
crossing to the P and F, groups. The reaction of 4 typical homozygous 
plants is shown in table 5. Altogether, 41 plants were included in this 
test; 12 were found to be homozygous, 18 heterozygous, and 11 con- 
taminants. This is a lower proportion of contaminants than was 
obtained with sibinscepaiibic plants (1). The contaminants had 
genotypes that could not be accounted for on the basis of their par- 
entage and they probably arose from accidental cross-pollinations. It 











‘0. 12 


tal 
nts 


| Obtained 


TOSS 


-VI 
'5S7) 
'mber 


41 
38 


39 
32 


39 
25 
0 


J 


Ses 
sid- 
her 
eds 
ck- 
ous 
his 
on- 
vas 
iad 
ar- 

It 





June 15,192  Pseudo-Self-Compatability in Trifolium Repens 705 





should be noted that no similar contaminations were found in the F;, 
or F; plants, indicating that the chances of error in compatible crosses 
are considerably less than with incompatible matings. 


TABLE 5.— Number of seeds set per 10 flowers when typical homozygous plants were 
backcrossed to P and F, groups 





‘erie | 
| | hate: Seeds set ? after backcrossing to group— 
male or 
male | 21 | 2a | 21 | 2Iv | 2Vv | 2-vI 
p= (S4S4) | CSeSz) | CSiS6) | (SsSe) | CSeS7) | CS5S7) 
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1 A=Self-pollination under bag in the field; B=entire head manipulated in greenhouse; C=selfing 10 
flowers without emasculation in greenhouse; D=selfing 10 flowers after emasculation in greenhouse. 
2 Values enclosed in heavy black lines are incompatible crosses. 


Additional proof of the assumption that 2-I had changed from S,S, 
to S,S, between the time of the original cross and the time of the F, 
backcrosses was obtained from the F, and homozygous plants. The 
F, plant 2-31 (table 4) is typical of the “recovered 2-I’’ (S,S;) geno- 
types inasmuch as it was incompatible as a female but compatible as 
a male with the original female parent. On the other hand, all 2—III 
plants in the F, failed not only reciprocally with group 2-III but also 
as female with group 2-I (table 4). The plants homozygous for S, 
failed in both directions with 2-I instead of only as males, and the 
S;S; plants were compatible as male with 2-I when it was expected 
that they would be incompatible (table 5). Similar results were ob- 
tained when one F; progeny was tested. The seed used was that 
obtained from backcrossing the “recovered” S,S; genotype as male 
onto the clones of the original female parent 2-I (table 4). When 10 
of the F; plants were crossed reciprocally with plants of the “recovered” 
S,S; genotype, all matings proved incompatible. These same plants, 
however, were compatible as males but incompatible as females with 
the original female parent 2-I[. The anomalous behavior of all these 
plants, involving the failure of certain matings when they were ex- 
pected to be compatible and the compatibility of others when they 
were expected to fail, can be explained in the same way as the incom- 
patible F, backcrosses, simply by supposing that the clone used as 
2-I in these tests was S,S, instead of S,S;. 


GENETICS OF PSEUDO-SELF-COMPATIBILITY 


In both 1939 and 1940 the average seed set of the F, population 
was intermediate between those of the two parents (table 1). Also, 
in both years, a wide range was obtained in the averages of the indi- 
vidual F, plants. When the entire F, population (23 plants) was 
bagged in 1939, an average of 10.4 seeds per head was obtained 
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(table 6), while the individual plant averages ranged from 0.9 to 36.1. 
In 1940, only 9 F, plants were bagged, but their averages ranged 
from 3.0 to 48.4 seeds per head. Seven of these plants were selfed 
both years, and there was a significant interannual correlation 
(r=0.867, P=0.02-0.01) between the two groups of averages. It 
should be noted that at least one of the F, plants approached the 
pseudo-self-compatible parent in ability to set seed. 


TABLE 6.—Seed set in field of F,, F2, and backcross generation plants 
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The four F, plants used as parents of the F, generation showed con- 
siderable difference in seed-setting ability. Since one F, plant was 
common to the three F, intercrosses, any differences in the F, popu- 
lations might be attributed mainly to the nonrecurrent F, plants. 
When the significance of the difference between means of the separate 
F, populations was measured by the ¢ test, values exceeding those 
where P=0.05 were obtained in one case. The averages of the three 
F, populations appear to be related to the average of their respective 
nonrecurrent F, parent, and a highly significant difference was found 
between the average of the entire F, population and that of the F,. 

By the ¢ test, highly significant differences between the individual 
backcross populations were found. Also, the difference between the 
average of the total backcross population and of the entire F, popu- 
lation was highly significant, but the difference between the average 
of the backcrosses and of the F, was not significant. More plants 
setting a large number of seeds per head, like the original pseudo- 
self-compatible parent, were recovered in the backcross progeny than 
in the F,. From the frequency distributions and standard errors in 
table 6 it can be seen that large variations between the individual 
plant averages were found in every population and that all distribu- 
tion curves were positively skewed. All these data suggest that pseudo- 
self-compatibility is a quantitative character, probably determined by 
several additive genes, some of which were heterozygous in the parents. 


RELATION BETWEEN PSEUDO-SELF-COMPATIBILITY AND CROSS-INCOMPATIBILITY 


Almost all F; and F, plants whose incompatibility groups were 
determined in the greenhouse were selfed under bag in the field. 
These comparative data for the F, are shown in table 1. Plants of 
both relatively high and low pseudo-self-compatibility were found in 
each of the four F, groups. It might appear that the plants in groups 
2-IV and 2-VI, both of which bear S;, were higher in pseudo-self- 
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compatibility than those in groups 2-III and 2-V, neither of which 
bears S;. This relationship did not hold, however, in the F,. Three 
plants setting over 10 seeds per head were found in group 2-VI, but 
no such plants were obtained in the recovered 2-I group, which also 
bore S;.. Apparently little if any relationship exists between the S 
factors and the amount of pseudo-self-compatibility. 


NUMBER OF SEEDS PER POD 


it was previously concluded (/) that the number of ovules per 
ovary is a heritable character that may have practical importance. 
Additional information on this subject has been obtained with these 
pseudo-self-compatible plants. The number of seeds per pod resulting 
from controlled cross-fertilization of 10 flowers per head was used as 
a measure of the number of ovules. Probably the most reliable data 
are shown in table 1, where the largest numbers of crosses per plant 
are recorded and where almost all crosses were made originally in 
duplicate. The original female parent, 2-1, averaged 44.6 seeds per 
head, while the male parent, 2-2, averaged 53.7. The F, averaged 
40.8, and individual plants ranged from 32.8 to 46.7. When 4 of 
these clones, together with the 2 parental plants, were used as female 
in the F, and homozygous tests, an interannual correlation (r=0.938, 
P<0.01) was observed in their average seed-setting ability. Few 
crosses were made in duplicate in the F,, so the averages of these plants 
are probably not as accurate as those of the F,, but in general the 
averages of the different F,; populations appeared to be related to the 
average of their nonrecurrent F, parent. The data indicate that this 
character is probably determined by several genes for which the 
parents were heterozygous. 


DISCUSSION 


The literature dealing with incompatibility has been reviewed 
recently by Stout (7). According to his terminology, the kind of 
cross-incompatibility observed here is determined by oppositional 
allelomorphs of the diploid personate type. This sort of inheritance 
has been reported for many species, but in most cases the plants have 
been self-incompatible rather than pseudo-self-compatible. Since this 
pseudo-self-compatibility was expressed only when the heads were 
manipulated, cross-incompatibility could be studied in these plants 
as easily as in self-incompatible individuals. The study was facili- 
tated because the differences in seed set between compatible and 
.ncompatible crosses were generally distinct and because in every case 
‘the reflexing of the pedicels provided a check on the seed set. 

Here, as with the self-incompatible plants of white clover (/), a 
disomic segregation among the S factors was observed. White clover, 
however, is a tetraploid with 32 somatic chromosomes. The original 
male parent in this study was included among the plants studied at 
meiosis (6), where 16 bivalents were found regularly, and root tips 
from representative F, plants all showed 32 chromosomes. Root tips 
from the 2-I clone, which apparently had changed to S,S,, were exam- 
ined cytologically, but no irregularities in its 32 chromosomes were 
observed. These observations support the previous conclusion (1) 
that the oppositional allelomorphs causing cross-incompatibility are 
present in only 1 of the 2 genomes found in white clover. 

Four allelomorphs were found in the self-incompatible plants studied 
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for cross-incompatibility (1), and three additional factors were found 
in the parent plants used in this study. These seven genes have been 
obtained in homozygous condition, and all have been identified. !t 
appears significant that seven of the eight genes borne by the four 
unrelated parents were different. The factor S,, common to the two 
series, occurred in one case in a plant from Maryland seed and in the 
other in a plant isolated clonally from a pasture in central Pennsy!- 
vania. The evidence obtained in these investigations, together with 
that from several other sources, has led to the conclusion that a great 
many allelomorphs must be present in the series conditioning cross- 
incompatibility in white clover. In breeding experiments in which 
unrelated plants were used, the probability of cross-incompatibilities 
has been found to be very low. If the plants had been closely related, 
however, incompatibilities would have occurred much more frequently. 
It has been observed in other studies that the inbreds from pseudo- 
self-compatible plants may be homozygous for S factors. An F, be- 
tween two such inbred lines might consist of a single intrasterile, 
interfertile group, in which case subsequent inbred generations would 
have to be derived by selfing rather than by intercrossing. 

Several causes for pseudo-self-compatibility have been postulated— 
see review by Stout (7)—but in most plants it apparently is conditioned 
primarily by environmental conditions rather than by hereditary fac- 
tors. In these plants of white clover, a complex hereditary mechanism 
for pseudo-self-compatibility has been demonstrated, but this ability 
to set selfed seed is apparently modified by the environment. Pseudo- 
self-compatibility is evidently not a case of “reduced seeding” in self- 
compatible plants, although part of the variation must be attributed 
to a reduction in seed set due to environmental conditions. 

Pseudo-self-compatibility may be useful in a breeding program. 
Inbred lines may be obtained that tend to outcross instead of self 
when subjected to open-pollination. In this case, hybrid seed would 
be produced very easily. (This phase of the problem is now being 
investigated.) Likewise, if the F, consisted of a single genotype as 
the result of crossing two inbreds homozygous for five factors, sib 
mating would be prevented among the F, and four-way hybrids could 
be produced easily. In some respects, obtaining inbreds by means of 
pseudo-self-compatibility might be more desirable than using an S, 
factor (2), since the latter might necessitate selecting only plants 
heterozygous for S; in order to recover self-incompatible individuals 
at the end of the inbreeding. The usefulness of the type of pseudo- 
self-compatibility described will also depend on the ease with which it 
can be transmitted and selected for, but the present investigation only 
partially answers these questions. 


SUMMARY 


The original female parent of the Trifolium repens plants used in 
this study set a large number of selfed seeds when entire heads were 
manipulated, but it failed to set seed when 10 flowers per head were 
self-pollinated by hand in the greenhouse. The male parent was 
self-incompatible. 

The pseudo-self-compatibility of the female parent was transmitted 
to the F,, F., and backcross generation plants; it appears to be con- 
ditioned by several genes, which were additive in effect and hetero- 
zygous in the parents. 
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Four intrasterile, interfertile groups of 4, 4, 3, and 2 plants, respec- 
tively, were found among the F, plants. The compatible F, inter- 
crosses averaged 40.8 seeds per 10 flowers, whereas the incompatibles 
averaged only 0.18. Reflection of the pedicels also was used to dis- 
tinguish compatible from incompatible crosses. 

The diploid personate theory of oppositional allelomorphs explains 
these cross-incompatibilities if it is assumed that the parents differed 
in all four factors which they carried. 

When a further test was made by backcrossing 38 selected F; plants 
to the two parental and four F, groups, only the expected groups were 
obtained. In this way a certain genotype was assigned to each group, 
and the oppositional-factor hypothesis was confirmed for these pseudo- 
self-compatible plants. 

Out of 41 plants resulting from incompatible crosses or selfs, 12 
proved homozygous, 18 heterozygous, and 11 contaminants. Among 
the 12 were the 4 possible homozygous genotypes. One of the S genes 
from the pseudo-self-compatible parent was identical with the S, pre- 
viously isolated from a self-incompatible plant. 

When the original female parent was backcrossed with the F,, F,, 
and homozygous plants, certain combinations failed where they were 
expected to be compatible, and others were compatible where they 
were expected to fail. All of these results are explicable if it is assumed 
that this original parent changed from S,S; to S,S, subsequent to the 
original cross. This change could have resulted from either mutation 
or contamination in the field. 

Since plants of both relatively high and low pseudo-self-compatibility 
were found in each of the six groups, it is evident that little relationship 
exists between the S factors and those conditioning the ability to set 
some selfed seed after manipulation. 

It is pointed out that pseudo-self-compatibility may be useful in a 
breeding program. 
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RELATIVE SUSCEPTIBILITY TO PYTHIUM ROOT ROT OF 
TWELVE DENT CORN INBREDS ! 


By CHARLOTTE ELLIOTT 


Pathologist, Division of Cereal Crops and Diseases, Bureau of Plant Industry, 
United States Department of Agriculture 


INTRODUCTION 


This paper presents the results of 2 tests of the relative susceptibility 
to pythium root rot (Pythium arrhenomanes Drechs.) of 12 inbred 
lines of dent corn (Zea mays L.). 

Pythium arrhenomanes was first described by Drechsler? in 1928 
as causing root rot of corn in Wisconsin and Illinois. The disease was 
first referred to by Johann et al.* in 1926 and more fully described in 
1928.4 The recent work of Rands and Dopp® has shown that the 
strains of Pythium that cause root rot of corn in Wisconsin, Illinois, 
Kentucky, Missouri, and other parts of the Corn Belt; root rot of 
wheat (Triticum aestivum L.) and other cereals in Canada; of pineapple 
(Ananas sativus Schult.) in Hawaii; and of sugarcane (Saccharum 
oficinarum 1.) in the southern United States, the Philippines, 
Hawaii, and other countries, all belong to one species, P. arrhenomanes, 
which is apparently a fungus of wide host range and of almost uni- 
versal distribution. 

Recent reports of root rot in the field and specimens of inbred and 
open-pollinated field corn from Iowa and Nebraska, from which 
Pythium arrhenomanes was isolated, have indicated that this root rot 
continues to have an important effect on the yield of field corn. 
Because of the wide distribution of this fungus and the rapidly in- 
creasing acreage of hybrid corn throughout the Corn Belt, it. becomes 
increasingly important to learn more of the relative susceptibility to 
pythium root rot of the inbred parent lines in use at the present time. 

The results of two greenhouse tests are given here as a measure of 
possible field damage. 


MATERIAL AND METHODS 


Seed * of 12 inbred lines of dent corn was washed for 10 minutes 
in a 1: 1,000 solution of bichloride of mercury (HgCl,), thoroughly 
rinsed in distilled water, and germinated on moist filter paper in Petri 
dishes. Each of the young seedlings was transferred to a 6-inch pot 
coated with asphaltum, and was allowed to grow 4 to 6 inches high 


! Received for publication October 11, 1941. 

2 DRECHSLER. CHARLES. PYTHIUM ARRHENOMANESN. SP., A PARASITE CAUSING MAIZE ROOT ROT. Phyto- 
pathology 18: 873-875. 1928 

3 JOHANN, HELEN, HOLBERT, J. R., and Dickson. JAMES G. A PYTHIUM SEEDLING BLIGHT AND ROOT 
ROT OF DENT CORN. (Abstract) Phytopatholoey 16: 85. 1926. 

‘4 JOHANN, HELEN, HOLRERT, JAMES R., and Dickson, JAMES G. A PYTHIUM SEEDLING RLIGHT AND 
ROOT ROT OF DENT CORN. Jour. Agr. Res. 37: 443-464, illus. 1928. 

5 Ranps, R. D., and Dopp, ERNEST. VARIABILITY IN PYTHIUM ARRHENOMANES IN RELATION TO ROOT 
ROT OF SUGARCANE AND CORN. Jour. Agr. Res. 49: 180-221, illus. 1934. 

6 Supplied by M. T. Jenkins, of the Division of Cereal Crops and Diseases, Bureau of Plant Industry, 
U. 8. Department of Agriculture. 
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before inoculations were made. By inoculating the plants after they 
were several inches high, seedling injury was avoided. In order to 
eliminate some of the sources of Me ability and to obtain more or less 
reproducible results, the plants were grown in clean quartz sand that 
had been heated for 6 hours at 15 pounds’ pressure. The plants were 
watered once or twice a week with a nutrient solution containing the 
following salts in the partial volume (molecular concentration) indi- 
cated: Ammonium nitrate (NH,NO;), 0.004; monopotassium phos- 
phate (KH,PO,), 0.0015; dipotassium phosphate (i HPO,), 0.0005; 
magnesium sulfate (MgSO,), 0.001; and calcium chloride (CaC l,), 
0.003; and trace elements (p. p -m.): Manganese (Mn), 5; aluminum 
(Al), 0. 56; zine (Zn), 0.25; “Bs (B), 0.53; copper (Cu), 0.25; and 
bromine (Br), 0.26. Before sterilization, iron was added to the quartz 
sand in the form of iron magnetite sand, 1 percent by weight. Green- 
house temperatures were maintained as low as would permit of good 
growth, and between the additions of nutrient solution the sand was 
kept moist by watering. 

Plants of the 12 inbred lines of dent corn were inoculated in the 
greenhouse at the Arlington Experiment Farm, Arlington, Va. The 
culture of Pythiwm arrhenomanes’ used in making the inoculations 
had been isolated in August 1939 from an open-pollinated variety, 
St. Charles White, from York, Nebr. The diseased plants were 4 to 
5 feet in height and showed typical rotting of the smaller roots. 

There were 10 controls of each inbred in each of the tests and 10 
replicates of each were inoculated. The plants were set at random in 
the greenhouse benches, the controls on one bench and the inoculated 
plants on a parallel bench. Inoculations were made by placing squares 
(1 em.’) of corn meal-carrot agar cultures in the sand on either side of 
the plant. Sterile media were used for the controls. Measurements of 
the height of individual plants were made the day the plants were 
inoculated and every seventh day thereafter. At the end of the ex- 
periment the tops of the plants were cut off just above the roots and 
weighed. The roots were washed free of sand and weighed. 


RESULTS 


In the 1940 test, the corn plants grew for 4 weeks after inoculation 
with Pythium arrhenomanes. Figure 1 shows the differences in size 
at the end of the experiment of inoculated and uninoculated plants of 
typical inbreds. 

Figure 2, B, shows the extent of root damage in the inbred Ia. L317 
(fig. 1, A), which was the most resistant to root rot; and figure 3, B 
and C, the root damage in the inbred C. I.° 1 (fig. 1, F), which was 
the most susceptible. In these inoculated plants, the fine roots have 
been destroyed and even the larger roots show rotting. The root 
systems of the inbreds not illustrated also showed abundant fine roots 
in the controls and almost none in the inoculated plants. Because of 
high temperatures, the experiment was terminated after 4 weeks. 

In the 1941 inoculation experiment, the plants grew for 7 weeks after 
inoculation. Differences were greater between uninoculated and in- 
oculated plants, as shown in figure 4. But Ia. L317 continued to 


7? Identified by Charles Drechsler, of the Division of Fruit and Vegetable Crops and Diseases, Bureau 
of Plant Industry, U. 8. Department of Agriculture. 

$C. I. refers to accession number of the Division of Cereal Crops and Diseases. Formerly accession 
numbers for the inbred lines developed in this Division were designated by the prefix “‘U. S.” instead of 
“C. L,” but they have recently been changed to avoid confusion with the dniesaiion of U. S. hybrids. 
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be the most resistant to Pythiwm arrhenomanes and C. I. 1 the most 
susceptible. The contrast between the bench of control plants and 
the bench of inoculated plants (fig. 5) gives some idea of the differences 
ingrowth. In figure 5, B, inoculated plants of Ill. R4, next to thesteam 
pipes, grew much larger and more normally than in other positions on 
this bench. This was due to the higher temperatures and more 
rapid drying of the sand in these pots, both of which conditions are 
unfavorable for the development of P. arrhenomanes. 

In both experiments, Pythiwm arrhenomanes destroyed most of the 
fine roots of all the inbred lines. In the more resistant inbred lines, 
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Figure 1.—Dent corn inbreds grown in sand plus nutrient solution, uninoculated 
and inoculated with Pythium arrhenomanes April 1, and photographed May 1, 
1940: A, Ia. L317; B, Ia. Bl 345; C, Ia. Me 401; D, C. I. 540; E, Ind. Tr; F, 
C. I. 1. a, Uninoculated; b, inoculated. 


more of the larger roots were developed than in the susceptible ones. 

The results of the 2 inoculation experiments on all 12 inbreds are 
given in tables 1 and 2. Table 1 shows the mean weekly height of 
inoculated and control plants, beginning at the time of inoculation, 
and weekly differences in growth in each inbred. Graphs in figures 6 
and 7 show the mean weekly values in 1941 for some of the inbreds, 
illustrated in figure 4. The fungus interfered much less with the 
growth of inbreds Ia. L317 and Ia. Mc 401 than with that of Ind. Tr 
and C. I. 1. Ia. L317 showed the least susceptibility to attack and 
C. I. 1 the greatest susceptibility. This is shown not only in growth 
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of tops but in green weight of tops and roots as compared with controls, 

The weekly figures in table 1 are summarized in table 2, which gives 
the total growth in centimeters of inoculated and uninoculated plants 
of each inbred, and the differences in growth between the inoculated 





ev 0" : 


FicurE 2.—Roots of dent corn inbred Ia. L317 grown in sand plus nutrient solu- 
tion: A, Uninoculated; B, inoculated with Pythium arrhenomanes April 1, 1940. 
Photographed May 2, 1940. 


and uninoculated plants of each inbred, in centimeters and in per- 
centages of control plants. In column 1, all 12 inbreds show some 
reduction in growth owing to inoculation with Pythium arrhenomanes, 
but the amount of decrease varies with the inbred. The inbreds are 
arranged in the order of increasing percentage reduction in growth in 
1940 (column 3). In columns 2 and 5 these differences are expressed 
in centimeters as a measure of the resistance of the different inbreds 
to inoculation with P. arrhenomanes. 
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Figure 3.—Roots of dent corn inbred C, I. 1 grown in sand plus nutrient solution: 
A, Uninoculated; B and C, inoculated with Pythtum arrhenomanes April 1, 1940. 
Photographed May 2, 1940. 
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FicurE 4.—Dent corn inbreds grown in sand plus nutrient solution, uninoculated 
and inoculated with Pythium arrhenomanes February 3, and photographed 
March 25, 1941: A, Ia. L317; B, Ia. Bl 345; C, Ia. Me 401; D, C. I. 540; Z, 
Ind. Tr; F, C. I. 1. a, Inoculated; 6, uninoculated. 
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Ficure 5.—Twelve dent corn inbreds grown in sand plus nutrient solution, 
Arlington Experiment Farm. Planted January 21, 1941. A, Uninoculated; 


B, inoculated with Pythiwm arrhenomanes February 3, 1941. 
March 25, 1941. 


Photographed 
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FigurE 6.—Growth and green weight of tops and weight of roots of plants of 
dent corn inbred Ia. L317, uninoculated and inoculated with Pythium arrhe- 


nomanes, Arlington Experiment Farm, 1941. 











0.12 june 15,1942  Pythium Root Rot Relative to 12 Dent Corn Inbreds 719 







































































EA Satie Horne. 
= 
= 
2 
Su 
2S 
80 wir 700 
Ww 
cw 
OO 
ae 
70 600 
Oo 
« UNINOCULATED 
b 
Ww 
= 60 500 
E "4 
o 
2 ” on 
2 50 8 = 
3 af 2-740 3 
at ros uw © 
a < ro) om 
g 6 a 5 = = 
w” 
= ° 2.3 2 
) 40 ~4 ow——O-— 
: : 7 ae - 
& ° ee — oo ow oe -—-— Ss hates emma (= i. 2 
wu Pu -_—> { > 
- xr -- INOCULATED 
© oo 
is 30 a a = 200 
8 bt 
o |S 
Ww I>/0 
AEE 
aes 35742 $7!00 
oO [2}> 
o |>2]0 
z to} 
=| |= 
10 i i (@) 
3 
3 10 17 24, 3 10 17 24, 
FEBRUARY MARCH 
1941 
of Ficure 7.—Growth and green weight of tops and weight of roots of plants of 
he- dent corn inbred C. I. 1, uninoculated and inoculated with Pythium arrhenom- 


anes, Arlington Experiment Farm, 1941. 
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TABLE 1.— Weekly increase in height of 12 inbred lines of dent corn not inoculated or 





Inbreds 


a. L317: 
Not inoculated 
Tnoculated - - 
Difference 


la. Bl 345: 


Not inoculated_. 
Inoculated - -_-_- 


Difference --.-- 


C. I. 8: 


Not inoculated _- 


Inoculated - _. 


Difference ____- 


Ia. Me 401: 


Not inoculated_- 


Inoculated -_ - 
Difference. 
Ky. 13: 
Not inoculated 
Inoculated _- 
Difference __ 


Il. R4: 
Not inoculated 


Inoculated - _-_- 


Difference ___- 


la. L289: 
Not inoculated 


Inoculated - - __- 


Difference... 
Ill. Hy: 
Not inoculated _- 
Inoculated - - 
Difference 
Ind. Tr: 


Not inoculated 


Inoculated - -- 


Difference... -- 


C, I. 4-8: 


Not inoculated 
Inoculated - - _- - 


Difference-_--- 


C. I. 540: 


Not inoculated... 
Inoculated. -_.-- 


Difference-._- 


C.L.1 


Difference-_- 





inoculated with viacimmiae arrhenomanes wha it 1, sinh and Feb. 3, me 


Mean erase of dase in— 


February— } March- 
Bia ES See eae ace ae 
20 1-3 | 10 ae ee Sl ae 10 17 | 24 


| 





| 
Cm. | Cm. | Cm. | Cm. | Cm. | Cm. | Cm. | Cm. |Cm. 
71.5 | 13.6 | | 20.2 | | 26.7 | 32.3 | 39.0 | 48.3 | 60.7 | 72.9 
62.3 | 15.5 23.8 | 30.7 | 35.4 40.1 | 43.2 | 48.1 | 54.4 








4.0 |-3.1 |-1.1 | 5.1 | 12.6 | 18.5 
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65.8 | 41.4 | 51.2 | 61.3 | 68.3 
54.7 | 35.9 | 37.4 | 39.0 | 41.9 
| ae 
11.1 | 5.5 | 13.8 | 22.3 | 26.4 
93.4 | 72.3 | 
75.5 | | Re 
eel | Foci 
17.9 |—1.2 | 23. 
85. 50.3 | 62.6 | 74.8 | 87.0 
58. .0 | 51.6 | 55.3 | 59.6 
27.4 
86.7 
58.8 
27.9 


se iy 
52.9 | 60.3 | 71.2 | 81.3 | 


91.8 §2.9 | 
| 54.2 | 60.6 hb 65. 3 | 69.2 
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70.5 





84.5 | 19.5 | 28.7 | 36.8 | 42. 6 | | 50. 3 | | 
64.4 | 20.6 | 31.1 | 36.4 | 37.6 | 37.8 | 40 












































20.1 |=1.1 |-2.4 4 sols 22.2 | 32.9 | 39.9 
| 77.3 | 18.6 | 28.2 | 37.1 | 42.5 | | 49.6 | 59.7 | 70.5 | 80.3 
58.6 | 21.2 | 30.7 | 37:7 | 41.7 | 44.6 | 47.4 | 49.8 | 53.4 
71 5.0 | 12.3 | 20.7 | 26.9 
oi RBA | == 
86.3 | 21.1 | 32.2 | 43.9 | 53.9 67.3 | 80.4 | 91.1 | 98.1 
ed has 43.1 | 48.4 | 50.6 | 53.0 | 54.0 | 55.0 
| — _ 
5 3.7 | 
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| | [ 
86.3 | 23.7 | 35.9 | 45.5°| 52.9 | 62.7 | 74.1 | 85.0 | 94.1 
60.5 | 27.5 | 30.5 | 49.1 | 52.6 | 53.8 | 55.1 | 55.8 | 57.1 
25.8 |—3.8 |-3.6 |-3.6| .3| 8.9 | 19.0 | 29.2 | 37.0 
———— is ee 
| 
65.4 | 18.2 | 24.7 | 29.6 | 33.4 | 39.7 | 48.8 | 59.7 | 72.9 
42.1 | 20.0 | 27.7 | 31.2 | 33.6 | 33.9 | 35.1 | 36.0 | 37.9 
23.3 |-1.8 |-3.0 |-1.6 | —.2 | 5.8 | 13.7 | 23.7 | 35.0 
fore oe | | eae Pa BP 
76.5 | 20.6 | 27.3 | 31.9 | 37.9 45.8 | 58.0 | 69.7 | 80.4 
34.6 | 23.6 | 30.9 | 35.1 | 35.8 | 35.5 36.2 | 36.1 | 37.1 
41.9 |—3.0 -a6 | -3.2| 21 10.8 | 21-8 33.6 | 43.3 
| | 
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Differences in growth of tops between inoculated and control plants 
of individual replicates were analyzed statistically® bythe analysis of 
variance method, and the required difference for significance between 
mean differences was calculated for each of the two experiments. In 


se ase 171.51 
1940 this difference was 1.9714/2X2XI71-51_ 16:32 cm.; and in 
DCO SCRT RC 
1941, 1.9714/ exenel oO on 9.45 cm. 


The difference between Ia. L317, the most resistant inbred, and 
C. I. 1 was significant in each year. In 1941, in the longer test, there 
80 ae ee 
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Ficure 8.—Scatter diagram of percentage reduction in growth of dent corn in- 
breds inoculated with Pythium arrhenomanes, 1940 and 1941. 


were significant differences between Ia. L317 and all other inbreds 
except Ia. Bl. 345, Ill. R4, and IIl. Hy. 

In both years, inbred Ia. L317 was more resistant to root rot than 
any other inbred and C. I. 1 was more susceptible than any other. 
Inbred Ia. L317 is one of the most widely used inbreds in the develop- 
ment of hybrids in the Corn Belt. Although the results are not iden- 


® The statistical work was done by O. E. Rauchschwalbe, of the Division of Cereal Crops and Diseases 
Bureau of Plant Industry. 
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tical for the two tests, this is at least partly due to differences in 
environmental conditions difficult to control. According to other 
workers,'° root rot due to Pythium arrhenomanes develops most abun- 
dantly under cool moist conditions. In the second experiment, the 
steam pipes undoubtedly had an influence on the inoculated plants 
of Ill. R4 and possibly other inbreds that were next to the pipes. 

Percentage reductions in growth of tops (columns 3 and 6) for 1940 
and 1941 are compared in a scatter diagram (fig. 8). Variability 
about the line of regression is an indication of the interaction between 
environment and strain in the two tests. 

It should be noted that these are the results of inoculations with one 
strain of Pythiuwm arrhenomanes isolated from root rot in dent corn 
growing under field conditions in one section of the Corn Belt. It is 
possible that there may be other strains of this fungus in other localities 
that may be more or less virulent than the strain used. Rands and 
Dopp" already have found that there may be wide differences in 
virulence in isolates of P. arrhenomanes from sugarcane in the same 
field and that populations may vary from season to season. It is 
possible that this may be true also for the fungus on corn. 


SUMMARY 


Twelve inbred lines of dent corn were tested for susceptibility to 
root rot by inoculation with Pythiwm arrhenomanes. The plants were 
grown in sand, watered with nutrient solution, and inoculated by- 
adding agar cultures of the fungus to the sand after the plants were 
well established. Weekly measurements of growth of inoculated and 
uninoculated plants and weights of tops and roots showed that some 
inbreds were susceptible to root rot, some were resistant, and others 
were intermediate in reaction. Inbred Ia. L317 was the most re- 
sistant and inbred C. I. 1 the most susceptible. The fungus interfered 
to some extent with the growth of all the inbreds by destroying the 
fine feeding roots. 


19 See footnote 5. 
1! See footnote 5. 




















RESERVE FOODS IN THE ROOTS OF WHITEWEED 
(CARDARIA DRABA VAR. REPENS)! 


By C. G. Barr? 


Formerly associate in botany, Colorado Agricultural Experiment Station 
INTRODUCTION 


The food reserves in the roots of perennial weeds have been studied 
by a number of investigators who have assigned important roles to 
various carbohydrate fractions in attempts to determine the most 
effective methods of weed control. Bakke, Gaessler, and Loomis * 
found that sucrose and a dextrinlike compound or group of compounds 
are the characteristic reserves in bindweed. Barr* found that the 
reserves in the bindweed of his experiments consisted largely of sucrose 
and a polysaccharide fraction extracted with taka-diastase and com- 
monly designated as starch. He did not, however, attempt to deter- 
mine dextrin and starch separately. 

The literature on the organic reserves in the roots of whiteweed is 
very limited. 

Investigations of the reserve food in the roots of weeds were started 
at the Colorado Agricultural Experiment Station in 1935. The 
experiments discussed in this paper relate to the carbohydrate and 
nitrogen content of whiteweed roots as affected by various cultural- 
practices and chemical treatments. All the experiments except as 
otherwise noted were conducted on land subject to irrigation but not 
irrigated during the course of the study, 


MATERIALS AND METHODS 


The material used for the experiments was the roots of whiteweed 
Cardaria draba (L.) Desv. var. repens (Schrenk) O. E. Schulz). Four 
separate types of collections were made to study the effects of cultiva- 
tion and application of sodium chlorate on the root reserves: 

(1) Root samples collected at biweekly intervals from April to 
December. Two series of plots were sampled, one in which the plants 
were undisturbed throughout the season, and the other in which the 
plants were clean-cultivated at 2-week intervals from April to October. 

(2) Root samples collected at 4-day intervals for a period of 24 
days (a) after a single cultivation in the spring, and (b) after small- 
grain harvest but without cultivation. 

(3) Root samples collected from cultivated and undisturbed plots 
treated on various dates (tables 6 and 7) with dry sodium chlorate 

' Received for publication October 7, 1941. Contribution from the Colorado Agricultural Experiment 
Station in cooperation with the Division of Cereal Crops and Diseases, Bureau of Plant Industry, U. 8S. 
Department of Agriculture. Paper No. 128, Scientific Series, Colorado Agricultural Experiment Station. 

? Thanks are due Bruce J. Thornton, associate professor of botany, from whose experimental plots the 
samples for this investigation were taken, and to Dr. L. W. Durrell, head of the Department of Botany and 
Plant Pathology, for helpful advice during the progress of this investigation. 

3’ BAKKE, A. L., GAESSLER, W. G., and Loomis, W. E. RELATION OF ROOT RESERVES TO CONTROL OF 
EUROPEAN BINDWEED, CONVOLVULUS ARVENSIS L. Iowa Agr. Expt. Sta. Res. Bul. 254, pp. 113-144. 1939. 


‘Barr, C. GUINN. PRELIMINARY STUDIES ON THE CARBOHYDRATES IN THE ROOTS OF BINDWEED. Amer, 
Soc. Agron. Jour. 28: 787-798, illus. 1936. 
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at the rate of 3 pounds per square rod. Samples were taken at the 
time of treatment; viz, June 1, June 30, August 2, September 1, 
September 17, and September 30, and also 1 month after treatment. 
Checks were run on untreated and uncultivated plots. 

(4) Root samples collected at the end of the growing season, about 
October 1, from plots (a) undisturbed; (b) cultivated weekly, April to 
October; and (c) cultivated biweekly, April to October. 


COLLECTING AND ANALYZING SAMPLES 


The method used in collecting the root samples, described in a pre- 
vious report,> consisted in sifting the soil containing whiteweed roots 
and placing the roots with some soil in quart mason fruit jars for 
transport to the laboratory. A post-hole digger which made a hole 
6 inches in diameter was used in digging the roots. By making four 
adjacent holes in the pattern of a square, a hole was produced 1 foot 
square and as deep as required. For the work on whiteweed, root 
samples were taken from both the first- and second-foot levels. Live 
roots only were taken, all dead and decaying portions such as were 
found in the cultivated plots being discarded. A cubic foot of soil was 
taken from each of five different locations in the plot to make up a 
standard composite field sample. 

The roots were taken to the laboratory as soon as possible after 
digging, the soil and sand were removed, and the roots were washed 
with cold water. The excess water was removed by blotting with 
cheesecloth. Duplicate 50-gm. samples of the roots were weighed to 
+0.05 gm. on a torsion balance. These were cut into pint mason fruit 
jars containing 200 ml. of boiling 95-percent alcohol, sealed, and 
allowed to simmer in a boiling water bath for 45 to 60 minutes. The 
samples were then stored until they could be conveniently extracted 
and analyzed. 

The preserved root material was extracted by decantation with 80- 
percent boiling alcohol until reducing substances had been removed 
from the sample as determined by tests. From 10 to 14 extractions 
were required. The extract from each sample was collected in a volu- 
metric flask and the extracting liquor made to volume after completion 
of the extraction. Two hundred milliliter portions of this liquor were 
used for the sugar determinations. The alcohol was removed by 
evaporation and the resulting water solution was cleared with neutral 
lead acetate. Reducing substances were determined, after invertase 
digestion, by reduction of alkaline potassium ferricyanide and titration 
of the reduced iron with standard ceric sulphate solution. 

It should be pointed out that considerable trouble was encountered 
in making sugar determinations by the Munson-Walker method. 
During the heating of the water solution of sugars with Fehling’s 
solution, a colloidal mass of reduced copper together with other inter- 
fering substances was produced which caused great difficulty in filter- 
ing. This precipitate was difficult to break up on the asbestos mat in 
the Gooch Crucible, and it was not entirely soluble in the ferric am- 
monium sulfate. Titration of the reduced iron with potassium per- 
manganate gave results which disagreed as much as 100 percent when 
duplicate aliquots were run from the same sample. The source of 
error was shown to be in the precipitation of the copper, and in the 


5 Bark, C, G. OR“ANIC RESERVES IN THE ROOTS OF BINDWEED. Jour. Agr. Res. 60: 391, 413, illus. 1940, 
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fact that the end point was unstable in the permanganate titration. 
Tests showed that both clearing and deleading were complete. Whether 
the difficulty was due to salts contained by the roots of whiteweed, 
extractable with boiling 80-percent alcohol, or to certain complex 
carbohydrate compounds peculiar to whiteweed or to both is not 
known. Osazone reactions after hydrolysis with dilute hydrochloric 
acid or invertase yielded a mixture of crystals resembling glucosazones, 
maltosazones, and other unidentified crystals which suggested the 
presence of trisaccharides. 

Ceric sulfate was found to be suitable in the analysis of carbo- 
hydrates in the roots of bindweed and whiteweed,® hence, ceric sul- 
fate was used throughout this experiment in estimating the quanti- 
ties of reducing substances. 

The residue, after the removal of the soluble carbohydrates, was 
dried to constant weight at 100° C., ground to suitable fineness, and 
analyzed for starch and acid-hydrolyzable materials separately. 

For the starch determinations, 1-gm. samples of the residue were 
gelatinized and digested with undiluted taka-diastase until negative 
iodine tests for starch were obtained. The digest was then filtered 
and washed, the filtrate was cleared with neutral lead acetate, and the 
glucose equivalent after hydrolysis was determined on aliquots. It 
has been pointed out in a previous paper ° that in the determination of 
starch by this method, small amounts of other substances that yield 
reducing substances upon hydrolysis may be brought into solution by 
the gelatinizing process and taka-diastase digestion. The technique,” 
serves, however, to give an adequate estimation of the important 
reserve polysaccharides. 


FORM OF FOOD RESERVES IN THE ROOTS OF WHITEWEED 


Important food reserves in whiteweed occur in the form of sugar and 
starch. Only small quantities of reducing sugars were found, amount- 
ing to less than 1.50 percent in August and showing only moderate 
fluctuation. Determinations for reducing sugars were, therefore, not 
made on all the samples. Although other carbohydrate fractions, such 
as the dextrins and a group of compounds extracted with hot dilute 
mineral acids, do occur, the writer’s experiments have shown that they 
probably play a less important role than the sugars and starch. 

Whiteweed roots are unusually high in starch content and a cross 
section of a root appears not unlike the cross section of a potato. 
At the peak of accumulation the tissue is gorged with starch and an 
intense blue-black color is produced with iodine in potassium iodide 
solution over the entire section, indicating the vast amount of starch 
present. The moisture content of whiteweed root tissue varies from 
70 to 90 percent, depending upon the environmental conditions under 
which the plant grows. 

Results for the carbohydrate analyses were calculated as: (1) per- 
centage of fresh weight, (2) percentage of dry weight, and (3) percent- 
age of residual dry weight; that is, calculations were made on the dry 
weight of the tissue after the soluble carbohydrates and the poly- 
saccharides were removed. The residual dry-weight calculations were 
difficult to interpret and their meaning was of little value from the 
standpoint of a cultivation control program, and the dry-weight 
5 Barr, C. G. ORGANIC RESERVES IN THE ROOTS OF BINDWEED. Jour. Agr. Res. 69: 391, 413, illus. 1940" 


6 Barr, C. G. APPLICATION OF THE CERIC SULPHATE METHOD IN THE ANALYSIS OF CARBOHZDRATES IN 
THE ROOTS OF LEPIDIUM AND CONVOLVULUS, Plant Physiol. 14: 285-296, illus. 1939. 
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calculations were so high and variable that they seemed worthless. 
The readily available carbohydrates are expressed in the tables, 
however, as percentage of both the fresh weight and the dry weight 
for comparison. 

The value of the dry-weight data may be estimated from a study of 
table 1. Samples for the second-foot level on September 30 contained 
2.04 percent total sugar and 21.14 percent starch, amounting to 23.18 
percent readily available carbohydrates. It has been shown ° that 
carbohydrates determined by the method used in this study are 1 to 
5 percent higher than by the official Munson-Walker method. The 
percentages obtained here, therefore, are reasonably accurate, but 
assuming the actual readily available carbohydrate content to be 
about 20 percent, 20 gm. of every 100 gm. of fresh plant material would 
represent respirable material. The particular sample under considera- 
tion contained 72 percent of moisture, or 28 gm. of dry plant material. 
The quantity of readily available carbohydrates would, therefore, be 
over 80 percent on the dry-weight basis and would vary from 77 per- 
cent to 89 percent with a change of sample moisture content of +2 
percent. If, however, the data are calculated on the fresh-weight 
basis, a variation of +2 percent in moisture content of the sample 
would result in a change of readily available carbohydrates from 21.50 
percent to %4.81 percent. It seems desirable, therefore, to base 
interpret2cons on fresh weight. 

TABLE 1.—Seasonal trends in the carbohydrate content (percent) of whiteweed roots 

in the first- and second-foot levels of undisturbed and cultivated plants, 1936 

[The two sets of data for each sampling date are for the first- and second-foot levels, respectively] 


Undisturbed plants Cultivated plants 





Date of nee 


| Rentity avail- 
- able carbohy- 
Acid | Grates on bases 




















Ro- Acid 





Readily avail- 
able carbohy- 








: | = irates on basis 
sampling aren. okal| | hydro- se Sa ne: | Potall hydro-| ‘ _ 
ing |sugars|Starch a _ | ing |sugars| Starch ve maar eerie Ts. 
sugars ete | sugars Bil, | 
| stances!) prosh Dry stances) Prosh | Dry 
| weight | weight | weight | weight 
| | | 
Apr. 25. 0.73 | 1.50 | 2.69| 2.35 | 4.19| 33.6 
| .63 | 2.82] 1.64] 213] 4.46] 35.06 | | | 
May 9 .56 | 1.72| 2.07] 3.92] 3.79] 33.33 || 0.67] 1.38] 1.65| 271] 3.03 | 22. 80 
.67 | 2.26 | 2.27] 3.23] 4.54] 32.70 || .66|2.79| 3.96| 1.72| 6.75 | 61.38 
May 25 .78 | 2.15 | 7.41 | 3.52) 9.56) 48.72 || .82/1.46| 274) 251) 4.20 | 35. 23 
66/288) 6.41 | 3.07/ 9.29| 58.07 |) .66/268| 3.81) 227| 649| 59.55 
June 8 .70 | 2.77 | 12.20 | 2.81} 14.97] 54.67 || .50|-1.00} 4.30] 3.43) 539] 47.11 
80 | 3.95 | 13.80} 3.19 | 17.75 | 75.77 || .60| 1.60} 3.78| 2.43] 5.38] 55.57 
June 22 81 | 1.91 | 15.77 | 5.67] 17.68| 50.36 || .44| .92| 1.59] 3.27] 251] 20.52 
-79 | 3.02 | 15.94 | 6.44| 18.96| 83.23 || .18| 82] 3.05] 2.35] 3.87| 39.38 
July 6........| 1.24 | 3.78 | 18.36 | 8.08} 22.14] 66.16 |) .55| 1.42] 3.03] 2.75] 4.45 | 42.20 
1,02 | 4.16 | 19.45] 6.71 | 23.61 | 92.47 |] .56|1.85 | 3.53/] 2.14| 5.38| 54.69 
July 21_..-...| 1.16 | 2.96 | 21.88 | 6.61 | 24.84] 71.50 || .71| 211) 4.54] 259] 6.65 | 53.20 
93 | 3.86 | 20.50 | 4.91 | 24.36] 95.52 |) .68/ 212; 3.81] 3.03| 5.93] 48.52 
Aug. 2 1.41 | 2.77 | 21.24 | 4.74 | 24.01 | 68.57 || .76| 2.52] 3.76] 3.28/ 6.28 | 62.50 
1,28 | 2.88 | 22.43 | 4.33 | 25.31] 71.70 || .67| 3.17| 3.40] 3.48| 6.57 | 65.50 
Aug. 18...... 1.32 | 2.20 | 16.80 | 5.25 | 18.00 58. 82 || 
1.33 | 2.99 | 19.68 | 3.84 | 22.67 | 74.53 || 
Sept. 1_- 1.16 | 1,98 | 17.04 | 4.96 | 19.02 | 54.81 || | 
1.04 | 2.96 | 20.19 | 3.18 | 23.15 | 76.55 || 
Sept. 13. 1.06 | 2.16 | 15.38 | 5.05 | 17.54 | 55.15 || 
| .93 | 2.24 | 21.27 | 3.13 | 23.51 | 79.93 
Sept. 30- | | 2.51 | 14.77 | 4.86] 17.28) 64.14 
| | 2.04 | 21.14 | 3.09) 23.18 | 82.78 
De 8 | 3.49 | 14.73 | 4.67 | 18.22 | 64.15 | 
| 3.10 | 18.36 | 3.33 | 21.46| 82.54 
Oct. 29...._..| | 5.46 | 15.08 | 4.89 | 20.54 | 72.83 
| 4.36 | 19.36 | 3.32 | 23.72 | 88.92 
Dee. 3__. ----| 7.44} 9.00| 4.66} 16.44| 72.10 
| 6.65 | 12.77 | 3.41 | 19.42 | 89.90 
6 Barr, C. G. APPLICATION OF THE CERIC SULPHATE METHOD IN THE ANALYSIS OF CARBOHYDRATES IN 


THE ROOTS OF LEPIDIUM AND CONVOLVULUS. 


Plant Physiol. 14: 285-296, illus. 1939. 
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TREND OF ROOT RESERVES DURING THE SEASON 


Total sugars and starch show marked accumulation in the roots of 
undisturbed whiteweed plants from April to early summer. Roots 
from the second-foot level contained uniformly more total sugars than 
those from the first-foot level until about the middle of September, 
when the percentages were reversed (table 1, fig. 1). There was a 
gradual accumulation of sugars from April 25 to July 6, 1936, when a 
maximum of about 4 percent was reached. The initial accumulation 
was followed by a steady decrease until about the middle of September, 
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Figure 1.—Total sugar content of whiteweed roots when undisturbed and when 
cultivated at 2-week intervals, 1936: a, First foot, undisturbed; b, second foot, 
undisturbed; c, first foot, cultivated; d, second foot, cultivated. 


after which the sugar content increased rapidly, reaching 6 or 7 percent 
by December 3 (fig. 1). The rapid increase in total sugar content after 
October 1 is interpreted as the result of the shift from polysaccharides 
to sugars that commonly occurs in plants as cold weather approaches. 
Evidence supporting this interpretation is the simultaneous reduction 
in the percentage of starch as the sugar content increased (compare 
figs. 1 and 2). The same observation has been made at this station in 
work on reserves in bindweed. A noteworthy point is the lag in the 
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Figure 2.—Starch content of whiteweed roots when undisturbed and when 
cultivated at 2-week intervals, 1936: a, First foot, undisturbed; b, second foot, 
undisturbed; c, first foot, cultivated; d, second foot, cultivated. 
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Ficure 3.—Starch and readily available carbohydrate content of whiteweed 
roots undisturbed, 1937: a, Starch, first foot; b, starch, second foot; c, readily 
= carbohydrates, first foot; d, readily available carbohydrates, second 
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maximum percentage of stareh which occurred about 1 month later 
than the initial maximum total sugar content. An unexpected high 
value of over 20 percent (fresh-weight basis) of starch was found in 
the roots of undisturbed plants. 

Plants that were clean-cultivated at 2-week intervals throughout 
the season failed to show a total sugar content greater than 3.17 per- 
cent, and cultivation held the starch to about 4.54 percent. Plants on 
the cultivated areas were rapidly disappearing by the last of June, and 
when samples were collected on July 6 considerable difficulty was 
encountered in finding sufficient roots to preserve for analysis. Many 
dead and decaying roots were found on this and the next two sampling 
dates, and no samples could be collected from the cultivated area 
after August 2. During the summer of 1937 only a very few scattered 
plants appeared on the clean-cultivated areas. Under the conditions 
ot the experiments, therefore, 96 to 98 percent eradication was obtained 
by one season of clean cultivation. 

lt should be pointed out also that the infestation of whiteweed in 
the Fort Collins area was limited; plots were not available in 1937 for 
extended systematic cultivation studies and for this reason the data for 
1937 are meager. Samples were collected, however, which yielded 
information on the seasonal trend of root reserves in undisturbed 
plants (table 2 and fig. 3). 


TABLE 2.—Seasonal trends in the carbohydrate and nitrogen content (percent) 
of whiteweed roots in the first- and second-foot levels of undisturbed plants, 19387 ~ 


[The two sets of data for each sampling date are for the first- and second-foot levels, respectively] 





Readily available | 
carbohydrates on | 














| Acid-hy- | ‘ | | 
, a basis of— . : lo 
re : Total | . 4, | drolyz- | | Colloidal | Soluble 
Date of sampling sugars | Starch able sub- |\——-—— ~~ | nitrogen | nitrogen 
stances | Fresh | Dry | 
| | | weight | weight 
} | | 
| 
peas 6. 44 7. 21 4.19 13. 65 | 61. 22 0. 429 0. 293 
7.27 | 7.31 2. 28 14. 58 85. 23 | .176 | . 250 
Apr. 6_- 8. 55 5.71 3. 92 14. 26 69. 29 | . 414 . 278 
7. 65 9. 96 3. 53 fh eee . 192 . 181 
Apr. 19 2.35 6.77 4. 03 9.12 44.75 | . 399 | . 234 
2.99 10.90 2.11 13. 89 T0624 -.° 388) . 150 
May 4.__.- 2. 36 5. 61 3. 74 7.97 38. 08 | . 260 | . 156 
2. 36 9. 52 2. 65 11. 88 61.36 | - 138 | . 107 
May 27____.- 2.13 8. 04 5.09 10. 17 36.79 | . 239 | . 066 
3.12 13. 47 4. 53 16, 59 65. 40 -173 | . 080 
RS ae oo 2. 28 25. 31 5. 40 27. 59 49.96 | . 254 | . 087 
3. 08 26. 03 3. 59 EE lew wiesinmee | . 174 | . 100 
June 23 2.08 25. 67 5. 66 27.75 74. 14 | . 384 . 140 
Bet cacce.c Sg PRs eee lascaxas a . 296 . 137 
TET aaa ae Gt epee aigs PAAR i Tos diet [eee j 426 ‘168 
3. 07 22. 33 1.90 25. 40 | 71.10 | . 279 | . 145 
July 20.....- 3. 70 18. 40 3. 21 22.10 | 56. 46 | . 468 | . 216 
4. 56 22. 94 4. 64 27. 50 | 69. 57 | . 285 | . 182 
Pe ccs 3.70 18. 28 2. 60 21. 98 57. 18 . 485 | . 228 
3. 97 21. 24 2.31 25.21 | 63.93 | . 365 . 199 
SAEs eae 1. 26 17. 42 7. 67 18. 68 | 50. 29 . 505 | . 195 
1.16 19. 86 5.91 21.02 | 58. 64 | . 365 | . 164 
kL SESS eee 1.91 13. 70 7.40 15. 61 | 44. 19 | . 428 | . 204 
2.31 19. 79 5.31 22.10 | 63. 43 | . 554 | 222 
TN BR i a s. 1.77 13. 38 7. 80 15.15 45.09 | 284 | 221 
; 2.02 13. 89 9. 98 15. 91 46. 64 . 408 162 
ER ERC irae ee ve 1. 85 9. 76 4, 24 11. 61 39. 48 . 320 166 
2.44 14. 18 | 2.35 16. 62 | 57. 96 | 221 | 166 
RPO Sere 2.43 16. 06 | 4.79 | 18. 49 56. 27 | 539 | 222 
1.90 16.91 | 2. 46 | 18. 81 | 55. 33 | . 364 193 
Oct. 28 ri a 3. 43 9. 91 | 4, 25 13. 34 | 42.13 | . 486 262 
| 4.42 12. 66 | 2.35 | 17.08 | 53.30 | 338 243 
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The observed increase in the sugar content of the roots of cultivated 
plants after June 22, 1936, suggests that translocation of soluble carbo- 
hydrates has taken place from lower to upper roots. The soluble 
carbohydrates in the lower roots would presumably be derived from 
complex carbohydrate reserves. It suggests further that the continual 
regeneration of new-shoot growth brought about by the frequent 
cultivations stimulated enzymatic activity which resulted in higher 
soluble-carbohydrate content at the expense of complex reserves in the 
deeper roots. Whiteweed root samples taken to a depth of 3 feet in 
1935 showed progressive increases in total sugars and starch with 
increasing depths from which the roots were collected. 

The reducing sugars and acid-hydrolyzable substances showed no 
important variations in either undisturbed or cultivated plants. 

Owing to lack of material, it was not possible to make nitrogen 
determinations on the samples collected in 1936. Analyses were made, 
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Fiaure 4.—Soluble nitrogen content of whiteweed roots when undisturbed, 1937: 
a, First foot; b, second foot. 


Wl so 3 @ 
AUG. SEPT. OcT. 


however, for soluble and residual nitrogen in the roots collected in 
veel The data are given in table 2 and shown graphically in figures 
4 and 5. 

The marked decrease in soluble nitrogen from March until the latter 
part of May suggests the rapid utilization of that fraction in vegetative 
growth. Field notes taken during this time show that the plants 
exhibited considerable vegetative growth until the end of May when 
flowering was initiated. Mature seeds were observed by June 23 and 
the plants appeared to be going into a dormant condition. From 
June 23 until August 13 there was a period of vegetative inactivity and 
the soluble nitrogen content increased from about 0.07 percent from 
May 27 to over 0.20 percent by August 27. 
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A noteworthy point also is the relation between soluble nitrogen and 
carbohydrates during the period of vegetative growth in April and 
May. The elaboration of carbohydrates was apparently not sufficiently 
rapid to keep pace with the rate of their utilization in the formation of 
new protoplasts. The roots, being reserve sources of supply for the 
materials necessary for growth, showed a reduction of about 44 per- 
cent in carbohydrate content during the period from April 6 to May 4. 
The carbohydrates and soluble nitrogen each showed distinct accumula- 
tion after flowering, but the carbohydrates increased at a considerably - 
more rapid rate than the nitrogen. 

The fluctuation in the colloidal nitrogen content from March 12 to 
August 13 closely resembled that of the soluble nitrogen during the 
same period. This was especially true of the roots from the first foot 
of soil. Both the soluble and the residual nitrogen showed such peculiar 
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FicurE 5.—Colloidal nitrogen content of whiteweed roots when undisturbed, 1937: 
a, First foot; b, second foot. 


fluctuations after August 13 that it is difficult to attach any meaning 
to the variations. 

A series of collections at 4-day intervals was started on July 21 
after the harvest of wheat growing on whiteweed infested land. Dur- 
ing the period from July 21 to August 14 the weather was uniformly 
cool; field notes show that the daytime temperatures were 70° to 76° 
F. No rain was recorded for this period and the plot was not cultivated 
and received no irrigation after the wheat harvest. Sampling on the 
area was continued until about the middle of August, but no important 
changes occurred in the carbohydrates under the conditions of the 
experiment. There was, however, an increase in the carbohydrate 
content as compared with that in the early-season collection. The data 
are given in table 3. 
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TABLE 3.—Seasonal trends in the carbohydrate content (percent) of the roots of 
noncultivated whiteweed after wheat harvest, first- and second-foot levels, 1936 


[The two sets of data for each sampling date are for the first- and second-foot levels, respectively] 








| 
Readily available 
| Acid-hy- ee on 

Date of sampling —— — | Starch | a De a 
| stances | proch | Dry 
weight | weight 


| 
| 
| 








We ae obs: Seat Cees 1.16 2.74 | 21.88 6.61 24. 62 71.50 

. 93 3.94] 20.53 | 4.91 24.47 95. 52 

Wale Ah at .| 1.40 2.97 | 23.06 | 4.94 26.03 69. 38 

| 1.15 3.31 | 27.45 | 3.90 30.76 | 92. 40 

Un NS Renee eeee fei ee 1,34 2.58 | 21.36 5. 64 23.94 | 68.91 

1.30 | 3.49 | 24.55 | 3. 89 28.04} 95.05 

Aug. 2 1.41 | 2.77 | 21.24 | 4.74 24.01 | 68. 57 

1, 28 2.88 | 22.43 | 4, 33 25.31 | 71.70 

Aug. 6 1.16 2.37] 18.09 | 5.41 20.46 | 62.18 

85 | 3.47 17.75 | 3.31 21, 22 79.77 

00g 40 =.= 1.34] 2.32] 18.85 6.26) 21.17| 61.87 

1.03] 2.94] 20.80 340| 2374] 7887 

eT eee aaa 1.29| 234] 20.18] 489] 22.52 62.43 
1.1: 3. 


| & 


33} 20.19 4.46 | 23.52 78. 85 


TREND OF ROOT RESERVES AFTER CULTIVATION 


An area uniformly infested with whiteweed was cultivated on May 1, 
1936, but not thereafter. Root samples were collected at 4-day inter- 
vals for a period of 24 days after the cultivation. Samples were taken 
at the same time from an adjacent control plot that had not been 
cultivated, but was otherwise similar. The plants on these plots 
emerged about April 15.. On May 9 the undisturbed plants were 6 
to 10 inches high and were 90 percent in full bloom; the undisturbed 
plants were in full bloom on May 16. The plants on the cultivated 
area emerged between May 9 and May 15. 

The trend of the starch and readily available carbohydrates 7 in 
the roots from the top 2 feet of soil, undisturbed and cultivated, is 
shown in table 4. The data for only the first-foot level are plotted in 
figure 6 since the fluctuations in the sugar and starch content of the 
roots from the first foot of soil seemed to show the general trend for 
the second foot also. 

Only a moderate increase in the carbohydrate content occurred in 
the roots of either the undisturbed or the cultivated plants during the 
first 12 to 16 days after cultivation. Twelve days after the beginning 
of the experiment there was a surprisingly rapid increase in the readily 
available carbohydrate content of the roots of the undisturbed plants. 
On May 25 the readily available carbohydrates were nearly 300 percent 
of their value on May 12. The low point in the carbohydrates for the 
cultivated plants was 4 days later than for the undisturbed plants, 
and although there was a distinct accumulation after 16 days, the 
readily available carbohydrate content on May 25 was about 176 
percent of its value on May 16. Accumulation of reserves was delayed 
apparently by cultivation, but in spite of cultivation the plants showed 
a marked increase in root reserves after 16 days. 

The experiment was repeated in 1937. The plot was cultivated on 
May 8 and again on May 17, when the first root samples were col- 


7 The term “readily available carbohydrates” is used in this paper to express the sum of the total sugar 
and starch, commonly assumed to be readily available reserve materials. 








. 12 


of 


ible 
on 


yn 


l- 





June 15, 1942 Reserve Foods in the Roots of Whiteweed 735 





lected. Vegetative growth was limited by the low soil-moisture con- 
tent but a few plants were emerging on May 22. On May 31 there 
was 0.75 inch of rain and during the first 6 days of June there was a 
total of 1 inch of rain. The results of the study in 1937 are similar to 
those obtained in 1936, as a comparison of the data in tables 4 and 5 
will show. In the 1937 experiment the accumulation started about 
10 days after cultivation and the total carbohydrate content was 
increasing rapidly at the end of the experiment on June 7. 

While it may not seem necessary to cultivate oftener than at inter- 
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Fiaure 6.—Carbohydrate content of whiteweed roots first-foot level, after cul- 
tivation. Sampled at time of cultivation and at approximately 4-day intervals 
for a period of 24 days; a, Starch, cultivated; b, readily available carbohydrates, 
— c, starch undisturbed; d, readily available carbohydrates, undis- 
turbed. 


vals of 16 days, the data suggest that any delay beyond 16 days would 
permit rapid accumulation of reserves. It is likely that the interval 
might be lengthened if a second or even a third cultivation should be 
made coincident with the start of reserve-food accumulation as 
indicated by the analysis of roots. 
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TABLE 4.—Seasonal trends in the carbohydrate content (percent) of whiteweed roots 
after cultivation in the first- and second-foot levels, 1936 


[The two sets of data for each sampling date are for the first- and second-foot levels, respectively} 























Uncultivated | Cultivated May 1 
aes anaes . cin a $$ $$ 
| | | Readily avail- Roatity avail- 
| +a | able carbohy- | | aig. | able carbohy- 
4 | | A | drates on the | | mes ll | drates on the 
Date of sampling a | Starch | lyzable | basisof— | — Starch | lyzable | basis of 
ear | | sub- Cea eee ene | > ¥ — 
| SaaS | Fresh | Dry | i Fresh | Dry 
| | weight | weight | weight | weight 
wa eS Be = eee eS Fe ae mac bs | 
May 1 pike 1.50] 0.97) 0.74 Oy ee 1 ie 
ini: 6) ae sei oe... Pa 
May 5 : 2.02 | 46; 2.70; 2.78 17.13 1. 21 1.00 3. 06 2. 21 14. 74 
Cee ee E! Be me 2.62|} 3.43) 2.44] 605] 43.32 
May 9 1. 73 2.07 | 3.92 3.79 23. 92 138) 1.65 2.71 3. 03 22. 80 
2. 26 2.27; 3.23 4.53 | 32.70 2.79 | 3.96 1.72 6.75 61, 38 
May 12 1. 52 1.74] 3.15 3.26 | 22.23 1.72 | 2.02 2. 38 3. 7: 29. 40 
2. 22 2.36} 2.75 4. 58 32. 52 2.43 | 2.22 2.07 4. 65 40. 34 
May 16-. 2. 06 2.65 | 3. 11 4.7 32. 33 117] 1.21 2. 51 2. 38 18. 45 
2. 45 3.70 2.10 6.15 | 47.30 1.74 2.00 2.19 3. 74 32. 81 
1 | aires 2. 24 5. 46 4.70 7.70 | 37.48 125; 2.05 3. 56 3. 30 26. 05 
2. 86 6, 23 | 3. 88 9. 09 54. 96 2.14 | 3. 22 3. 07 5. 36 44. 46 
May 25... ---| 2.15 7.41 | 3.82 9.56 | 48.72 1, 46 2.74) 2.51 4. 20 48.72 
2.88 | 6.41) 3.07 9.29 | 58.07 2.71 | 3.82] 2.27 6.53 | 59.55 





TABLE 5.—Seasonal trends in the carbohydrate content (percent) of whiteweed roots 
after cultivation, in the first- and second-foot levels, 1937 


[The two sets of data for each sampling date are for the first- and second-foot levels, respectively] 
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EFFECT OF SODIUM CHLORATE ON ROOT RESERVES 


The use of sodium chlorate in the control of noxious weeds is a 
common and successful practice. Recommendations vary, especially 
regarding the rate of application. Most workers agree that the best 
results are obtained when the chemical is applied in late summer or 
early fall. 

Experiments were designed to study the root reserves of whiteweed 
as affected by a combined treatment of sodium chlorate and cultiva- 
tion. Two series of plots which were uniformly infested with white- 
weed were selected. One group of plots was cultivated three times, 
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May 1, May 12, and May 20, 1936; the other was left undisturbed. 
On June 1, and at irregular intervals thereafter (tables 6 and 7), root 
samples were taken from one plot each of the undisturbed and culti- 
vated plants, and immediately thereafter dry sodium chlorate was 
applied to each sampled plot at the rate of 3 pounds per square rod. 
One month later root samples were again collected from the chlorate- 
treated plots and two new plots (one cultivated and one undisturbed) 
were sampled and treated with sodium chlorate as stated. The same 
system was followed throughout the season except in September, 
when samples were taken and treatments were made at 2-week 
intervals. 

The experiment was repeated in 1937. The plots were cultivated 
May 8 and May 17, and sodium chlorate was first applied June 7, 
when the first root samples were taken. The data are given in tables 
6 and 7. In both experiments a light irrigation, which served to carry 
the sodium chlorate into the soil, was made at regular intervals. 


TABLE 6.—Effect of combined treatment with sodium chlorate and cultivation on 
the carbohydrate content (percent) of whiteweed roots, 1936 


[The two sets of data for each sampling date are for the first- and second-foot levels, respectively] 
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TABLE 7.—Effect of combined treatment with sodium chlorate and cultivation on 
the carbohydrate content (percent) of whiteweed roots, 1937 


|The two sets of data for each sampling date are for the first- and second-foot levels, respectively] 
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Although the data would have been more complete had samples 
been taken from all previously sampled plots at each sampling date, 
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FicurE 7.—Carbohydrate content of whiteweed roots as affected by date of 
application of sodium chlorate to undisturbed plots, 


some interesting information is revealed by the results. The undis- 
turbed plants showed the expected accumulation of carbohydrates. 














5 al June 15, 1942 Reserve Foods in the Roots of Whiteweed 739 


on Application of sodium chlorate to undisturbed plants had only a 
moderate effect in reducing the carbohydrate content in a period of 
1 month after treatment regardless of the date. 

A study of tables 6 and 7 and a comparison of figures 7 and 8 show 
that an early-season cultivation did not increase the effectiveness of 
the sodium chlorate applied immediately after the cultivation, which 
is in accord with results previously obtained with bindweed under 
- Colorado conditions (4). On the basis of results obtained in this 
: experiment, therefore, it is concluded that no greater reduction of the 
carbohydrates in the roots of whiteweed could be expected by the 
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FigurE 8.—Carbohydrate content of whiteweed roots as affected by date of 
application of sodium chlorate to cultivated plants. 


application of sodium chlorate to cultivated plants than to undisturbed 
plants. 


EFFECT OF FREQUENCY OF CULTIVATION ON ROOT RESERVES 


The carbohydrate content of undisturbed whiteweed roots is com- 
pared in table 8 with that of plants cultivated at weekly and biweekly 
intervals during one season. The samples were collected September 
30, 1936. Regrowth of plants on all the cultivated plots was extremely 
limited by the middle of July. Biweekly cultivations seemed to control 
the plant as well as the weekly cultivations. 

The data of table 8 show very clearly the relative condition of the 
cultivated and undisturbed plants at the end of the growing season. 





TABLE 8.—Effect of frequency of cultivation on root reserves in whiteweed 
[Sampled September 30, 1936] 
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In these experiments cultivation was 96 to 98 percent effective in 
controlling whiteweed. The readily available reserve food in the re- 
maining 4 to 2 percent of the plants amounted to about 5.85 percent. 
That eelebily high value probably is misleading, however, a fact 
that becomes apparent only when it is considered that the samples 
upon which the analyses were made were collected from many scat- 
tered plants surving on the cultivated plots. All other samples were 
from areas chosen at random. 


SUMMARY 


The root reserves in whiteweed, Cardaria draba var. repens, have 
been studied. Data have been presented to show the seasonal trend 
of carbohydrates in both noncultivated and cultivated plots. Samples 
collected at 2-week intervals from April 25 to October 29 from non- 
cultivated plots showed a maximum accumulation of carbohydrates 
about August 1. The lowest carbohydrate content was found early 
in the season when sampling was started. The total sugar content 
was higher in the roots from the second foot of soil than in those from 
the first-foot level until about the middle of September. The root 
reserves were present chiefly in the form of starch. The starch content 
of undisturbed plants reached a maximrm of over 21 percent fresh 
weight but the total sugar content never exceeded 7.44 percent and 
reducing sugars remained uniformly low, reaching a maximum of 1.41 
percent. 

Clean cultivation held the starch content to about 4.50 percent and 
total sugars to less than 3.50 percent. 

Both soluble and colloidal nitrogen decreased during the vegetative 
growth of the plants and showed a slight but apparent increase after 
flowering. 

Samples collected at 4-day intervals for a period of 24 days after a 
single cultivation showed no material change in carbohydrate reserves 
until about 14 to 16 days after cultivation. After that there was an 
appreciable accumulation of carbohydrates. 

Treatment with sodium chlorate accompanied by an early season 
cultivation did not increase the effectiveness of the chemical treatment 
in the control of whiteweed. 

Biweekly cultivations were equally as effective as weekly cultiva- 
tions in reducing the root reserves and in controlling the weed. 


U.S. GOVERNMENT PRINTING OFFICE: 1942 














INDEX 


Page 
Abortion, embryo, in Phillips Cling peaches, 
mathematical model. Baker - 173-178 
Actinomycetes, effect on incidence and sever- 
ity of take-all disease of wheat, experi- 
I ete, Soa an ein ene kuubokioe ah 654, 656, 659 
Alanine, effects on growth of Aspergillus 
ER 459, 462, 463, 464, 465, 466, 469, 471 
Aleohol- benzene extractives, content of tim- 
othy plant at different stages of growth__- 
Alfalfa, Pchloride and sulfate salt content, 
toxicity awe Bal eel MRE epee IS 35! 
ALLARD, : Some Aspects of the Phyl- 
lotaxy of ha DES IE RANE RERENV ES 
Allergy in plants, experiments________-- 445-448, 453 
Almond— 
blossom blight, control by arsenite sprays, 
SE RPS etd on Saag 
trees, spraying with calcium arsenite for 
control of blossom blight, effects on de- 
velopment of sporodochia______________- 
567, 568-569, 571, 572, 500.503 


2-592 


Amino— 
acid— 
formation from sugars in «omg 
niger, process. Robert A. Steinberg -- 
nitrogen, utilization by Aspergillus - 


i Ry EN ORS 13. 649-650 
acids— 
Aspergilli grown on, nitrite-induced 
“mutants,’’ reversions in morphology. 
Robert A. Steinberg and Charles 
Te ae es ie Pie 2 
cause of reversion of morphology in 
(SRE RTD OP NL A 646-648, 651 
effect on growth of Aspergillus niger in 
solutions with trace element defi- 
Ss fet 3 Ara si) hoc B ek eae 466-468 
in Aspergillus niger, effect of trace ele- 
ments on growth. Robert A. Stein- 
1 SARS SE ak Ee ENG ae 55-475 
nutrition, relation to growth of Asper- 
gillus niger, studies ___.-_.._.__--- 458, 468, 470 
structure, and enzymatic deamina- 
a i ga alata 463-464, 471 
synthesis by Aspergillus niger_.......--- 455-457 
Ammonia, anhydrous, effect on southern 
sclerotium root rot of sugar beets, experi 
BI asi ote as Soc nein waco 3-8, 9-13, 14, 15, 16 
Ammonium— 
phosphate, effect on southern sclerotium 
root rot of sugar beets, experiments - ---- 13-14, 16 
sulfate, effect on southern sclerotium root 
rot of sugar beets, experiments----__--__- 3-14, 16 
Anabolites, efficiency as substitutes for 
monoses in Aspergillus niger___.....---.-- 28-629 
Anaerobic— 
decomposition of wheat straw by ther- 
mophiles and quantity of gas produced. 
obert P. Straka, G. H. Nelson, and 
WINS ss Se 129-144 
fermentation of cornstalk flour by ther- 
mophiles, effect of metal containers. 
Robert P. Straka and G. H. Nelson.... 19-31 
Animals, breeding lines, experimental com- 
Sa eS aaa 3-532 
Anthocyanin pigmentation in upland cot- 
on— 
silaticn to inheritance of cluster habit and 
linkage. J. Winston Neely__..__..__--- 105-117 
study of dwarf-red character_____________- 477-481 
Aphid— 
infestation of corn strains, index of suscep- 
tibility to corn borer attack. L. L. 
Huber and G. H. Stringfield- . 283-291 
transmission of bean leaf wilt virus... ___- 449 





Page 
Apple— 
bitter rot, control by 2,4-Diaminodi- 
phenylamine, experiments__- ... 668-671, 678 
scab, control by 2,4- Diaminodiphenyla- 
mine, experiments__--_-____---- 672-673 
Apples, internal atmosphere, measurement— 
application of method ----_--.-_-_-- ---- 215-217 
method and apparatus___________- . 209-215 
Apricot— 
blossom blight, control by arsenite sprays, 
experiments. --.........-- 562-592 


trees, spraying With calcium arsenite for 
blossom blight, effect on sporodochia 
development _-_____- 566-567, 568, 570, 571, 572 
Arginine, effects on grow th of Aepergillus 
niger . 459, 462-465, 467, 471 
Armyworm, ‘southern— 
blood— 
cells, changes induced by administration 
of poisons. J. Franklin Yeager and 


Sam C. Munson “ 7-332 
cells, insecticidal action on, experimental 
methods_. 308-309 


cytological changes due to. ingestion of 
poison 311-315, 326-329, 330 
glycogen indices and counts, changes d 
to poison - .... 315-321, 329-330 - 
hematological changes due to ingestion of 
poison __ 310-311, — 326, 330 
Arsenic trioxide, effect on blood cells of 
southern armyworm, experiments - . 307-330 
Arsenite sprays— 
effect on development of Sclerotinia laxa 
sporodochia - “ 
efficacy in eradication of Sclerotinia lazxa in 
stone-fruit trees for control of brown rot 
disease in blossoms, experiments. E. E. 
Wilson ___--- 
Arsenites, injurious ‘effects on stone-fruit 
orchards, factors affecting _- 
Ascorbic acid— 
concentration in juice of Florida grape- 
fruit, relation to variety, rootstock, and 
position of fruit on tree. Paul L. Hard- 
ing and Edward E. Thomas 
content, varieties of Maine-grown toma- 
toes and cabbages, influence of locality, 
season, — stage of maturity. Elizabeth 
F. Murphy __- 483-502 
Ash content of timothy plant at different 
stages of growth. 536 
Aspartic i effects on grow th of 2 Aspergil- 
lus nige 459, 462-467, 469, 471, 472 
Aspergi ii, nitrite-induced “mutants” grown 
on amino acids, reversions in morphology. 
Robert A. Steinberg and Charles Thom. 645-652 
—= — amstelodami, reversions in mor- 
ology - -- koe 2 _... 646-648, 651 
Prove niger— 


564-582 


561-594 
588-590 


57-61 


ability to assimilate monoses.- --- 621-626 
carbon assimilation in formation of —_— 

acids - — 64-465, 615-632 
growth— 


relation to amino acid structure and en- 
zymatic deamination, analyses... 463-464, 471 
relation to assimilability and molecular 


configuration _--- 466 
relation to trace-element deficiencies in 
solutions - --_- 466-468, 471 
with amino acids, effect of trace elements 
on. Robert A. Steinberg__-- 455-475 
monose content, ey of anabolites as 
substitutes for... __- 629 
nitrogen assimilation, “in formation of 
amino acids - ectintan cal 456-471 


741 









742 


Page 
Aspergillus niger—Continued. 
reversions in morphology 646-648, 651 
¢ sugars in— 
amino acid formation wants pene. 
Robert A. Steinberg : 615-633 
conversion to amino acids. -_- ‘ 626-628 
synthesization of amino acids, mechanism. 455-457 
trace-element requirements with monoses. 630-632 
utilization of amino acid wnat 


experiments _ Rha Saja 649-650 
q relation to growth _- : 459-463 
Atmosphere, internal, of fruits and vege- 
tables, carbon dioxide and organic vola- 
tiles in, simultaneous measurement. Fisk 
Gerhardt_..........._.. 207-219 


AtTWwoop, SANFORD 8.: Genetics of Pseudo- 
Self-Compatibility and Its Relation to 
Cross-Incompatibility in Trifolium repens. 699-709 


Bacteria, effect on incidence and severity of 


take-all disease of wheat, experiments 654-659 
BAKER, G. A.: Mathematical Model of Em- 
bryo Abortion in Phillips Cling Peaches. 173-178 


BARBELLA, NicHoLas G., TANNOR, BER- 
NARD, HANKINS, O. G., and Hunt, R. E.: 
Comparative Ripening of Beef From 
Grass-Fattened and  Grain-Fattened 
Steers - 


esas 517-521 
Barium fluosilicate, effect on blood cells of 
southern armyworm, experiments. - -__- 307-330 
Barley— 
chloride and sulfate salt content, toxicity 
el ans accents «dase pais avin 359-379 
X grass, experiments__--______- 33, 36-37, 38, 42, 44 
Barr, C. G.: Reserve Foods in the Roots of 
ee (Cardaria draba var. repens)... 725-740 
an— 
‘Corbett Refugee X other strains, leaf varie- 
gation, symptoms and inheritance... __ 120-126 


leaf wilt virus, source, occurrence, and 
symptoms 448-449, 452-453 

Red Kidney, tolerance to 2,4-Diaminodi- 
phenylamine, tests _ - 


. 668, 678 
Stringless Green Refugee, " viroplasm- 
eae 44-453 
yellow necrosis virus, source and descrip- 
Gok gore ik swash Gh ecto cc sess 449-451, 452-453 
Beans— 
leaf variegation— 
inheritance. W.J. Zaumeyer_________- 119-127 
a initnce re ncaa anes x 121 
navy, chloride and sulfate salt content, 
toxicity, experiments.___.__.________ _. 359-379 
seed production, relation to zinc, experi- 
REE Seid oati Masiowns chewGh.o ces 35-638, 641-642 


Beef from grass-fattened and grain-fattened 

steers, comparative ripening. Nicholas G. 

{ Barbella, Bernard Tannor, 0. G. Hankins, 
i and R. {unt 


ie iat Nig onl x ie gar _. 517-521 
Benzene- alcohol extractives, content of tim- 

othy plant at different stages of growth 538 
BESLEY, A. K., and CARROLL, FLoyp: An 


Improved Method for Determining the 
ee of Salt and Water in Cured 
ams 


EEN EGE, TERED SERIE eae 293-306 
Beta vulgaris— 
cross-sterility in, inheritance. F. V. Owen_ 679-698 
heritable influences, comparison with en- 
0 See eee 681-683 
inheritance of self- fertility, experiments. 687- 
, 695-696 
self-sterility ~~ —_ fertility in, inherit- 
Re Is I Be rk laine Sh wrg swan coe 79-698 
sucrose BB a ‘Sean affecting inher- 
itance. J. O. Culbertson_.___._.....__- 153-172 
12¢ strain— 
nonreciprocal cross-sterility ___-_.._____- 683-687 
self-fertility by mutation from_________- 694-696 


Blood cells of southern armyworm, changes 
induced by administration of poisons. J. 
Franklin Yeager and Sam C. Munson___- 


307-332 
Blossom— 
blight in stone-fruit trees— 
control by arsenite sprays, studies . 562-592 


sprayed before and after development of 
RS oe net ese had 
See also under causal organism. 
end rot of tomatoes, incidence, relation to 
calcium accumulation in leaf sap, experi- 
ments 


583-587 


376-377 


INDEX 


Page 

Bordeaux mixture, use in control of blossom 
blight of apricots and almonds.-______- 564, 
565, 573-574, 577, 585-587, 580- 591 

BRANDON, J. F., ROBERTSON, D. W., CoLe- 

MAN, O. H., FELLOws, H., ‘and Curtis, J. 

J.: Rate and Date of Seeding Kanred 

Winter Wheat and the Relation of Seeding 

Date to Dry-Land Foot Rot at Akron, 
LO Re eee ai Ra eta | 
Bread, loaf volume, effect of various concen- 
trations of papain and potassium iodate. 
Jehiel Davidson and J. A. LeClerc._____. 
Breeding lines, livestock, experimental com- 
parisons, design. R. E. Comstock and L. 

M. Winters 


BRIERLEY, Pur.ie, and Curtis, A. H.: Fur- 
ther Studies of Cool Storage and Other 
Factors Affecting the Forcing Performance 
a mater daly Dee ne ce 

Brown rot disease in blossoms of stone fruits, 
control by arsenite sprays to eradicate 
Sclerotinia laxa, experiments. E. E. Wil- 
OE BORC eS E RE Ae aie, 

Bulbs, Easter lily, forcing performance, cool 
storage and other factors affecting, further 
studies. Philip Brierley and A. H. Cur- 
tis 


Buttercup, Persian, root rot disease caused 
by Pythium debaryanum 


145-152 


523-532 


221-235 





561-594 


221-235 


Sed ese een apiey 181-183 
Cabbages— 
varieties, Maine-grown, ascorbic acid con- 
tent, influence of locality, season, and 
“a of maturity. Elizabeth F. Mur- 
phy 
vitamin C content, relation to geographical 
location, factors affecting 
Calcium— 
arsenate, effect on blood cells of southern 
armyworm, experiments 
arsenite— 
effect on blood cells of southern army- 
worm, experiments st alate 
efficacy in control of Sclerotinia laxa in- 
fection of stone-fruit trees, experi- 
EES SESE i (otk Se ae sa 
nitrate, effect on southern sclerotium root 
rot of sugar beets, experiments_ 9-10, 12-13, 15, 16 
California stone-fruit industry, losses from 


483-502 
493-495 


ik Wentiaie sages 307-330 


307-330 


565-577 


blossom and fruit infection, studies 562, 590 
Carbohydrate content of whiteweed roots— 
analysis. E _..- 726-728 
effect of— 
frequency of cultivation - 739-740 
sodium chlorate - - 736-739 
seasonal trend e 729-734 
trend after cultivation. 734-736 


Carbon— 
assimilation by Aspergillus niger in forma- 
tion of amino acids. Z 464-465, 615-632 
compounds, assimilability by Aspergillus 


niger ____ 617-621 
dioxide— 
content of internal atmosphere of fruits, 
measurement, review of methods-_-... 207-208 


in internal atmosphere of fruits and veg- 
etables, simultaneous measurement 
with organic volatiles. Fisk Gerhardt. 207-219 
Cardaria draba var. repens roots, reserve 


foods in. C. G. Barr eae ate 725-740 
CARROLL, FLoypD, and BESLEY, A. K.: 
Improved Method for Determining the 
a of Salt and Water in Cured 
MUR ope Sesser nbn ees wean’ 293-306 
Celery, late blight, causal organism, descrip- 
De aan ton cwoeckoudiowiensabe kexeiceee 548-555 
Cellulose— 
crude, content of timothy plant at different 
stages of growth_- 539 
wheat-straw, decomposition and gas. pro- 
duction 130-144 
Cephalosporium acremonium, ‘infection of 
corn ears, description_---.-.----.------- 428-429 
om. intergeneric hybridization. D. Cc. 
SE takes colnacne ek tesncinaeneacweh 33-47 


Pes leaf spot, ‘control by 2,4-Diaminodi- 
668, 674, 678 





phenylamine, experiments 














02 
95 


555 





INDEX 743 





Chicks, White Leghorn— Page 
down color— 
ERED OE REAR ALTE 194-199 
relation to characters of economic im- 
Ie decal ms em ee 199-201 
relation to riboflavi in, experiments. . 201-202 
variations and their economic insignifi- 
cance. W. F. Lamoreux and F. B. 
Hutt -...-- 193-205 
head spots, relation to down color and sex, 
REPOS ALOE AE: 202-203 
sex, relation to— 
down color, experiments. _---_---.------ 198-199 
head spots, experiments. -_-_---..-.----- 
Chloride— 
beneficial effect on early growth of tomato 
and cotton plants, experiments .. 387-388 
salt, tolerance of plants to, experiments _- 360-364 
salts, toxicity and accumulation in plants. 
Frank M. Eaton.........____- .. 357-399 
Cladosporium carpophilum, control by 2,4- 
Diaminodiphenylamine, experiments .. - 668, 678 
CLar¥, FRANCIS E., StuMRO, CHARLES R., 
and GaINEY, P. L.: Microbiological and 
Nutritional Factors in the Take-All Dis- 
I GS Ee Rarely eRe 3-665 
Clover, white, pseudo-self-com patibility and 
its relation to cross- -incompatibility - 709 
Coccomyces hiemalis, control by 2,4- Diamino- 
diphenylamine, experiments Ak Rak 668, 678 
COLEMAN, ., ROBERTSON, D. W., 
BRANDON, J. F., FELtows, H., and 
Curtis, J. J.: Rate and Date of Seeding 
Kanred Winter Wheat and the Relation of 
Seeding Date to wer Land Foot Rot at 
Akron, Colo__----- bos 339-356, 
Color— 
down, of White Leghorn chicks, variations 
and their economic insignificance. 
F. Lamoreux and F. B. Hutt_- __ 193-205 
shank, of Single-Comb White ‘Leghorn 
pullets, relation to winter egg produc- 
tion characteristics. I. Michael Lerner... 333-338 
Colorado, Akron, Kanred winter wheat, 
seeding rate and date, and relation of seed- 
ing date to dry-land foot rot. D. W. 
Robertson, O. H. Coleman, J. F. Brandon, 
H. Fellows, and J. J. Curtis __ 339-356 
Coloration, red, occurrence in upland vari- 
eties of cotton - in Ste =: 
Comstocr, R. E., “and Winters, L. M.: 
Design of Experimental Comparisons Be- 
tween Lines of Breeding in Livestock . 523-532 
Containers, metal, effect on anaerobic fer- 
mentation of cornstalk flour by thermo- 
philes. Robert P. Straka and G. H. Nel- 
Ne Be ea go cr ee AC inieaanse odin hte 19-31 
Corn— 
chloride and sulfate salt content, toxicity 
experiments. ___--- 379-386 
cob, infection at butt by fungi, relation to 
cob discoloration, studies 32-434 
dent, twelve inbreds, relative susceptibil- 
ity to pythium root rot. Charlotte 
De Oh) eicanl. skein deena 711-723 
ears, fungi— 
entrance into, natural mode, and some 
symptoms that indicate infection. 
Benjamin Koehler... ...--...--------- 421-442 
species invading, description eit 427-431 
earworm injury and fungus infection, 
Ga aisa | inn ack Weteudesoiin 31-432 
growth in water cultures, effect of— 
chloride, experiment... ----..----------- 381- = 
sulfate, experiment - 
height, factor in egg layi ing by European 
corn borer moth in one-generation area. 
RT ee Ca ae eae 503-515 
infestation by corn leaf aphid, comparison 
with corn borer attack... ._-_-.--.--.--- 5-291 
kernel tissue, infection by fungi___-------- 434-436 
kernels, infected by fungi, pericarp, nature 
SESS ice 436-438, 440 
leaf aphid, infestation of corn strains, index 
of susceptibility to corn borer attack_.._ 283-291 
strains, aphid infestation, index of suscep- 
tibility to corn borer attack. L. L. Huber 
and G. H. Stringfield......-.....-.....- 283-291 
susceptibility to aphid injury, estimation 284 














Corn borer— Page 


attack, relation to susceptibility of corn 
strains to aphid infestation, index. L. L. 
Huber and G. H. Stringfield_ 283-291 
egg masses, number— 
association with height of corn, county 
areas ____- 504- 
association with height. of ‘corn, plots 
Wn Melds._,............. : 
association with height of corn, unit 
areas - 507-513 
regression on height of corn... _- 510-513 
European, moth, height of corn as factor 
of egg laving,in one-generation area. L. 
. Patch_ 


513-514 


503-515 


Cornstalk flour, anaerobic fermentation by 


thermophiles, effect of metal containers. 
Robert P. Straka and G. H. Nelson_____- 1-18 


Cornstalks— 


aqueous sodium hydroxide extractions, 
hemicellulose fractions, hydrolysis 
depectinization, description of process __ 
hemicelluloses— 
H. D. Weihe and Max Phillips .---._.. 401-406 
crude, isolation --- 402-403 
delignification petetet avin auinoia PE SSD 403 


405 
- 401-402 


lignin-free, hydrolysis. Paps ens -- 403-405 
pectin-free, partial delignification. oe Bs 402 
Cotton— 
Acala— 
chloride and sulfate salt content, tox staal 
experiments. _.___-.-- ---.--- 359-379 
dwarf-red character, description. 5 477-479 
dwarf-red Xnormal green Acala, inherit- 
ance of dwarf-red character ___ 479-480 
strains, diameter of fiber. G. N. Stro- 
man ae 243-255 
early growth, beneficial effect of chloride, 
ER as tape 387-388 


fiber, diameter in different strains of 
Acala. G.N. Stroman 


eee . . 243-255 
Pima, smooth and pitted bolls, inherit- 


ance. E. Gordon Smith..... _.__..__-- 101-103 
seedling. mortality in field, effect of storage 
iva yiv id rins suse acdecucscuads 416-417 
strains— 
fibers, ribbon width, thickness, and 
number of convolutions_____-___--_- . 251-253 
swollen-fiber diameter __.-.._..-...----- 247-251 
upland— 
anthocyanin pigmentation, linkage rela- 
tion to inheritance of cluster habit. J. 
Winston Nosy. 2. 2-5-. 625i 2: 105-117 
dwarf-red character in, occurrence. Scott 
i, GIES. sens cn anna cccececus 477-481 
Cottonseed— 
longevity, factors affecting. D. M. Simp- 
Oe a eal eS hoe coe i et 407-419 
moisture content, effect on longevity, ex- 
perimen Nd arcane marecant = tai died . 410-416 


oil, in stored seeds, free fatty acid content... 417-418 
storage— 
effect on seedling mortality in field, ex- 


pS RRS EAN IES EIST I oy eR 416-417 
method, effect on ‘longevity, tests..---.- 408-410 
stored, oil content, free fatty acids in____- 417-418 
temperature and moisture, relation to 
longevity, experiments 412-416 
Crop plants, chloride and sulfate salt con- 
tent, toxicity experiments_-.___--_-_--_--- 358-397 


CULBERTSON, J. O.: Inheritance of Factors 
Influencing Sucrose Percentage in Beta 
I jis diana s Rais Genie been Meee 153-172 

Curtis, A. H., and BRIERLEY, PHILie: Fur- 
ther Studies of Cool Storage and Other 
Factors Affecting the Forcing Performance 
of Easter Lily Bulbs____------- He 

Curtis, J. J.. ROBERTSON, D. W., COLE- 
MAN, O. H., BRANDON, J. F., and FEL- 
Lows, H.: Rate and Date of Seeding 
Kanred Winter Wheat and the Relation of 
Seeding Date to Dry-Land Foot Rot at 
Akron, Colo... _. 339-356 

Cyanamid, effect on southern sclerotium 
root rot of sugar beets, experiments. ... 8-13, 15-16 


221-235 


Davey, A. E., and Leacn, L. D.: Reducing 
Southern Sclerotium Rot of Sugar Beets 
With Nitrogenous Fertilizers___--..-.----- 1-18 








744 








INDEX 
Page Page 
DAVIDSON, JEHIEL, and LECLERC, J. A.: Fruits, internal atmosphere— 
Effect of Various Concentrations of Papain carbon dioxide and organic volatiles in, si- 
and Potassium Iodate on the Loaf Volume multaneous measurement. Fisk Ger- 
SRS aT 145-152 hardt___ oteeuee dee operat 207-219 
Davis, B. i, PHILLIPs, “Max, and W EIHE, measurement— 
H. D.: Composition’ of the Tops and application of method __-____.-.----- -- 215-217 
Roots of the Timothy Plant at Successive method and apparatus - 209-215 
Stages of Growth_. 533-546 Soran Or eens. 207-209 
Diets, potassium in, requirements of grow ing Fungi— 
cattfirs i ats ae Gia agile am 189-192 “infection,’’ meaning of term. 427 
Diphenylamines, fungicidal properties. M. natural mode of entrance into corn ears 
oldsworthy, E. L. Green, and H. L. and some symptoms that indicate infec- 
Haller 667-678 tion. Benjamin Koehler-__--_._-.-- 421-442 
Diplodia zeae infection of corn ears, descrip- species invading corn ears, description of 
tion _ 430 i, ROLET RES LDN aD 27-431 
Down color of White Leghorn ‘chicks, varia- sugar in, conversion to amino acids_______ 615-632 
tions and their economic insignificance. Fungicidal properties of 2,4-Diaminodi- 
W. F. Lamoreux and F. B. Hutt_______- 193-205 phenylamine and other substituted di- 
Drying, continuous, effects on viability of phenylamines. M. C. Goldsworthy, E. L. 
thorn- headed wormeggs, experiments_ 97-98, 99-100 Green, and H. L. Haller__ ; 667-678 
Dwarf-red character, occurrence in upland Furfural content of timothy plant at differ- 
cotton. Scott C. McMichael.......____-. 477-481 ent stages of growth. ____-...-...----- 538, 539-540 
Dwarfing, occurrence in upland varieties of Fusarium moniliforme infection of corn ears, 
Ri gr bats Aa cawensandqetspncudenss, Ue eGHD + CIPI Sn acs ooo gow edevaccene st 422-428 
EATON, FRANK M.: Toxicity and Accumu- GAINEY, P. L., StuMBo, CHARLEs R., and 
lation of Chloride and Sulfate Salts in CLARK, FRANCIS E.: Microbiological and 
hice ahi sa eee neue se ecene oS 7-399 Nutritional Factors in the Take-All Dis- 
Egg production, winter, characteristics of ease of Wheat_-_...__----- 653-665 
Single-Comb White Leghorn pullets, rela- Gas production, in anaerobic decomposition 
tion to shank color. I. Michael Lerner... 333-338 of wheat straw by thermophiles, quantity. 
ELLioTT, CHARLOTTE: Relative Susceptibil- Robert P. Straka, G. H. Nelson, and Max 
ity to Pythium Root Rot of Twelve Dent a eee 129-144 
Corn Inbreds........-..---- 711-723 | GEDDEs, W. F., and RAMSTAD, 'P. E.: The 
ELLIson, LINCOLN: A Comparison of Meth- Relative Respiratory Rates ‘and Hygro- 
ods of Quadratting Short-Grass Vegeta- eoeaie Equilibria of Common and Hull- 
tion - 595-614 less Oats_- shine Mie ue doanneecuan es 7-241 
Embryo abortion in Phillips Cling peaches, Genetics of pseudo-self-compatibility and its 
mathematical model. G. A. Baker . 173-178] relation to cross-incompatibility in Tri- 
folium repens. Sanford 8. Atwood---._-- 699-709 
Fattening, steers, comparative value of GERHARDT, Fisk: Simultaneous Measure- 
grass and grain feeds ___- - 517-521 ment of Carbon Dioxide and Organic 
Fatty acids, free, in oil in stored cottonseed__ 417-418 Volatiles in the Internal Atmosphere of 
FELLOows, H., ROBERTSON, D. W., CoLE- Fruits and Vegetables__-_--..-...--------- 7-219 
MAN, 0. ie BRANDON, J. F., and Curtis, Gibberella zeae infection of corn ears, onintinal 
J. J.: Rate and Date of Seeding Kanred Ms oboe epee oh 429 
Winter Wheat and the Relation of Seeding Glomerella cingulata, control— _ 
Date to Dry-Land Foot Rot at Akron, by diphenylamines, experiments____- -- 674-678 
NE tS em ene oe a od 339-356 | by  2,4- Diaminodiphenylamine, experi- 
Fermentation, anaerobic, of— DRUINBee e 6 ork ees oceans ake kos 668-678 
cornstalk flour by thermophiles, effect of Glutamic acid, effects on anges of Aspergil- 
metal containers. Robert P. Straka and PR siitakeciccnan athe 9, 462-467, 469, 471, 472 
G. H. Nelson 5 19-31 Glycine, effects on growth 4 Aspergillus 
wheat straw by thermophiles and quan- niger__...- . 459, 462, 463-464, 465, 466, 469, 471 
tity of gas produced .......-...--..----- 129-144 | Go. DSWORTHY, M. ees GREEN, E. L., ‘and 
Fertilizers— HALLER, H. L.: Fungicidal Properties of 
effect on incidence and severity of take-all 2,4-Diaminodiphenylamine and Other 
disease of wheat, experiments.___-- Substituted Diphenylamines_-__...__-._- 667-678 
nitrogenous, reducing southern sclerotium Gossy pium— 
rot of sugar beets with. L. D. Leach barbadense, inheritance of smooth and 
OOS SG eae eerie an 1-18 pitted Regie Nee hater rac 101-103 
Flour, wheat-straw— hirsutum, cluster habit, inheritance, 
constituents of, decomposition by fermen- (SRS eR og SR 106-109, 116 
tation _ 131--139, 143-144 | Grain, value for fattening steers, comparison 
gas production by anaerobic decomposi- with ES Oe ee ee 517-521 
EAA GS as 139-144 | Grains, small, hybridization with other 
Sesless reserve in roots of whiteweed, Car- grasses, exporiments...... .:-....-.....-. 3-44 
daria draba var. repens. C. G. Barr-_- 725-740 | Grapefruit, Florida, fruit, position on tree, 
Foot rot, dry-land, of Kanred winter wheat, ation to ascorbic acid concentration in 
rate and date of seeding, and relation of juice. Paul L. Harding and Edward E. 
seeding date to, at Akron, Colo. D. W. Thomas. _.. 57-61 
Robertson, O. H. Coleman, J. F. Brandon, Grass, value for fattening "steers, ‘comparison 
H. Fellows, and J.J. Curtis. _- 9-356 with (NE BARRA He Way a UR CAN e 517-521 
Forage grasses, improvement by inter- Grasses— 
generic hybridization with cereals, experi- intergeneric hybridization. D.C. Smith... 33-47 
__. , St SP 44 short, vegetation, quadratting, comparison 
Freezing, ‘effect on viability of thorn-headed of methods. Lincoln Ellison.__.______- 595-613 
worm eggs, experiments. _-.____------ 96-97, 99-100 | GREEN, E. L., GoLpswortTny, M. C., and 
Fruit— HALLER, H. L:: Fungicidal Properties of 
stone— 2,4-Diaminodiphenylamine and Other 
trees, invasion by Sclerotinia laxa -_- 562-564 Substituted Diphenylamines-_____-__---- 667-678 
trees, spraying with arsenite for eradica- Gum yields in longleaf pines, relation to fre- 
tion of Sclerotinia lara to control quency of chipping, experiments___--.__-- 81-92 
brown ~ disease in blossoms, experi- 
ments. . E. Wilson. ; 561-594 | HALLER, a, L. GotpswortTny, M. C., and 
trees, spray oe with 2,4- Diaminodiphen- GREEN, L.: Fungicidal Properties of 
ylamine and other diphenylamines, ex- $f Diawinodipheny lamine and Other 
RESET i AE EOE RE 667-678 Substituted Diphenylamines ---_-_-_----- - 667-67 













age 


219 
-217 
209 
427 


442 


431 
32 


678 
540 
428 


665 


241 


709 


219 
429 
678 
678 
472 
471 


103 
116 
521 
44 


678 
92 


678 











Page 


Hams, cured, salt— 
and water distribution in— 
determination,improved methou. A. K. 


Besley and Floyd Carroll____________- 203-306 

sampling techniques_______......-..---- 296-304 
distribution in, determination, previous 

vn, Sep Ra Cpe ea Sa Co He 294-295 


HANKINS, O. G., BARRELLA, NICHOLAS G., 
TANNOR, BERNARD, and Hunt, R. E.: 
Comparative Ripening of Beef From 
Grass-Fattened and  Grain-Fattened 
DO cael ck opernhiins Ucenehs siwssles 517-521 

HARDING, PAUL L., and THOMAS, EDWARD 
E.: Relation of Ascorbic Acid Concentra- 
tion in Juice of Florida Grapefruit to Vari- 
ety, Rootstock, and Position of Fruit on 


A TWO oot en aaa Leeeetes 57-61 
Heating, oats, susceptibility of hull-less 
RUN MIEN oe ae 237-241 
Hemicelluloses of cornstalks. H. D. Weihe 
Or RIOR PMN. oo. oc ck case cc 401-406 


Huser, L. L., and STRINGFIELD, G. H.: 
Aphid Infestation of Strains of Corn as an 
Index of Their Susceptibility to Corn 


I ae Se ake ode ea ae ead 283-291 
Hvuoues, E. H.: 
Pantothenic ‘Acid in the Nutrition of the 
SEE SP RIS TSS eI I ee a EAE FS CE 185-187 
and ITtNER, N. R.: The Potassium Re- 
quirement of Growing Pigs____.._-.__-- 189-192 


Hunt, R. E., BARRELLA, NICHOLAS G., 
TANNOR, BERNARD, and HANKINS, O. G.: 
Comparative Ripening of Beef From 
Grass- Fattened and  Grain-Fattened 


Hurt, F. B., and LAMoREUXx, W. 
Variations in the Down Color of White 
Leghorn Chicks and Their Economic In- 


St SEE TEIN AEE: 193-205 
Hybrid vigor and weight, germs of maize 

seeds. . H. Kempton and John W 

ERI eR RAE EO MLS 65-80 
Hybridization, owe of cereals and 

other grasses. D.C. Smith__..__..____- 33-47 


Hydrochloric acid, extractives, content of 
timothy plant at different stages of growth- 538 

Hydrolene No. 66, use with calcium — 
for control of Sclerotinia laza, experi 
WG oi ne coc ewensckee 565, 574-575, 589, 591, 592 


Inheritance— 
in Pima cotton, of smooth and pitted bolls. 
= Sne COUAIN ET sn 101-103 
of— 

cluster habit and its linkage relation 
with anthocyanin pigmentation in up- 
land cotton. J. Winston Neely_-__-__- 105-117 

cross- and self-sterility and slt-ferility 
in Beta vulgaris. F.V. Ow RT 

factors influencing sucrose semaine in 
Beta vulgaris. J. O. Culbertson. ____- 153-172 
leaf variegation in beans. W. J. Zau- 


meyer. 
Insecticides, effect on blood cells of southern 
armyworm, experiments___- 307-330 
Intergeneric hybridization of cereals and 
other grasses. D.C. Smith_..._-.-_____- 33-47 
Irradiation, ultraviolet, thorn-headed worm 
eggs, effect on viability GR EHS AEC OY 98-100 
Irrigation agriculture, problem of salinity. . 389-395 
IttNER, N. R., and Hucues, E. H.: 
Potassium Requirement of Growing Pigs. 189-192 


JOHANN, HELEN: Origin of the Suberized 
Semipermeable Membrane in the Cary- 
RE IRI de oe ce 275-282 


JOHNSON, JAMES: Studies on the Viroplasm 
Hypothesis EDR H SES ot EPEAT Se 443-454 

June beetle, green, grubs, host of swine 
thorn-headed worm.__.....-..-.---------- 93-95 


KATES, KENNETH C.: Viability of Fggs of 
the Swine Thorn-Headed Worm (Macra- 
canthorhynchus hirudinaceus)__-__-- _ 93-100 

Kempton, J. H., and McLANE, JOHN W.: 
Hybrid Vigor ‘and Weight of Germs in 
the Seeds of Maize____- 

KOEHLER, BENJAMIN: Natural Mode of 
Entrance of Fungi Into Corn Ears and 


INDEX 


LAMOREVX, W. F., and Hutt, F. B.: Varia- 
tions in the Down Color of White Leghorn 
Chicks and Their Economic Insignifi- 
Ros cele piant ache eeneeade 193-205 
LEacH, L. D., and DAVEY, A. E.: Reducing 
Southern Sclerotium Rot of Sugar Beets 


With Nitrogenous Fertilizers ____ 1-18 
Lead arsenate, effect on blood cells of south- 
ern armyworm, experiments-__-___---- . 307-330 
Leaf— 
arrangement of tobacco, investigati ions___- 49-55 
variegation in beans, inheritance. ae 
CL ae MS, Siig Banlp neve epee neta 119-127 


LECLERC, J. A., and DAVIDSON, JEHIEL: 
Effect of Various Concentrations of 
Papain and Potassium Iodate on the Loaf 
Volume of Bread - 145-152 
Leguminoseae, viroplasm-hypothesis, “stud- 
RRR RE aie ENO RN a 444-453 
Lemon cuttings, rooted, chloride and sulfate 
salt content, toxicity experiments__..____- 359-379 
LERNER, I. MICHAEL: The Relation of 
Shank’ Color to Winter Egg Production 
Characteristics of Single-Comb White 
DOR Or Pts = essa. Sncese se yeoie 333-338 
LEVINE, MAX, STRAKA, RoReERT P., and 
NELSON, G. H.: Anaerobic Decomposi- 
tion of Wheat Straw by Thermophiles and 


the Quantity of Gas Produced__________- 129-144 
LIEFELD, T. A.: Relation of Naval Stores 
Yields to Frequency of Chipping-_..__- 81-92 


Light, supplemental, intensity, and length 

of photoperiod, relation to production of 
flowers and berries in greenhouse by sev- 

eral varieties of potatoes. H.O. Werner__ 257-274 
Lignin— 

crude, content of timothy plant at different 


Btepebor growen.! 539 
precursors, and synthesization by plants__ 543 
wheat straw, decomposition and gas pro- - 

CO EC CEES PENS HEISE Ls 130, 131 


Lily, Easter— 
bulbs, forcing performance, cool storage 


and other factors affecting, further 
studies. Philip Brierley and ; 
RGR SPS EEE RS SW SL 7 etna oo eet: 221-235 
Creole— 
bulbs, forcing performance, effect of de- 
laying cool-storage treatments - - -- -- -- 7-229 
bulbs, forcing performance, effect of 
SUGSRIP GUNNS oS 8S. ooo cue oe 231-233 
forced, effect of digging date and storage 
treatment on time of flowering._..-_-- 221-227 
seedling bulbs, forcing performance, 
effect of place of production ___---. 229-231 
Lime, hydrated, effect on southern sclero- 
tium root rot of sugar beets, experiments _- 8-9 


Livestock, breeding lines, experimental 
comparisons between, design. R. E. 
Comstock and L. M. Winters- --_-------- 523-532 

Locality, influence on ascorbic acid content 
of varieties of Maine-grown tomatoes and 


cabbages. Elizabeth F. Murphy 483-502 
Longevity, cottonseed, factors aieetian: Dp: 
po Re eas See Se Seas 407-419 
MAcMILLAN, H. G., and PLUNKETT, O. A.: 
Structure and Germination of Septoria 
ROR RR Ea ae SNE OF ALAS Pete 547-559 
Macracanthorhynchus hirudinaceus eggs, vi- 
ability. Kenneth C. Kates_ 93-100 


Maine, tomatoes and cabbages ‘of different 
varieties, ascorbic acid content, influence 
of locality, season, and stage of maturity. 


Elizabeth F. Murphy-.----.---.---------- 483-502 
Maize— 
caryopsis, suberized semipermeable mem- 
brane— 
EIR ACES RS ee ye ere 279-281 
origin, - Hélen Johann. .--...-..-.2.:-- 275-282 
embryos, weight, relation to hybrid vigor, 
WIS Caso ednc eden otc acces cede 79 
germ— 
weight, in early stages of germination, 
OUI a en en 75-71 
weights in F, hybrids, experiments...... 73-75 
weights of hybrids and parents. _-..... 68-73, 78 
om, aby increase, rate aie Sola 76-77 





Some Symptoms That Indicate Infection. 421-442 





746 





INDEX 
Maize—Continued. Page | Nitrogen—Continued. Page 
seeds, germs in, hybrid vigor and weight. available, effect on activity of Ophiobolus 
J. H. Kempton and John W. McLane... 65-80 graminis in wheat, experiments. _______- 654-664 
Manure, effect on southern sclerotium root content of timothy plant at different stages 
rot of sugar beets, experiments___________- 8-10 Ng en ih oe gy 0 536, 539 
Maturity, stage, influence on ascorbic acid Nitrogenous fertilizers, reducing southern 
content of varieties of Maine-grown toma- sclerotium rot of sugar beets with. L. D. 
toes and cabbages. Elizabeth F. Murphy. 483-502] Leach and A. E. Davey__...__.--._.____- 1-18 
McLANE, JOHN W., and KEmMpTON, J. H.: Nutrition of pig, pantothenic acid in. E. H. 
Hybrid Vigor and Weight of Germs in the EE NER iS a ae 185-187 
| i a aaa 65-80 
McMicnakL, Scott C.: Occurrence of the Oats— 
Dwarf-Red Character in Upland Cotton._ 477-481 common, respiratory rates and hygro- 
Meat, ripening, comparison of grass- -fattened scopic equilibria, comparison with com- 
and. grain-fattened steers._..__..._.._____- 517-521 mon oats. P. E. Ramstad and W. F 
Mercurie chloride, effect on blood cells of 2 SEES ES Sas? pee NS Riggs ee 237-241 
southern armyworm, experiments... ____- 307-330 X grass, experiments _________-___- 33, 36-37, 38, 43 
Metal containers, effect on anaerobic fer- heating, susceptibility of hull-less variety, 
mentation of cornstalk flour vf thermo- ME eee a oleh es Vee 237-241 
philes. Robert P. Straka and G. H. Nel- hull-less— 
Bet et en none casas ocwns cckweuwwcs 19-31 respiratory rates and hygroscopic equi- 
Methane-producing seed, anaerobic fermen- libria, comparison with common oats. 
tation of cornstalk flour by, effect of metal P. E. Ramstad and W. F. Geddes____ 237-241 
Ee NaS ARIE a ER ae i 19-31 susceptibility to heating, study_-_____-_- 237-241 
Methoxy] content of timothy plant at differ- Ophiobolus graminis, cause of take-all disease 
ent stages of growth_______- EE RSS eel a el eee 653 
Micro-organisms, effect on incidence and Orchards, spraying with 2,4-Diaminodi- 
severity of take-all disease of wheat, ex- phenylamine and other diphenylamines, 
RGSS OED ASE SSR < Sed  CUMIIMIEI Sah ee ie 667-678 
MIDDLETON, JOHN T., and Tompkins, C. Organic volatiles in internal atmosphere of 
M.: Root Rot of Ranunculus asiaticus fruits— 
Caused by Pythium debaryanum.__._._-_- 179-183 and vegetables, simultaneous measure- 
Milo, dwarf— ment with carbon dioxide. Fisk Ger- 
chloride and sulfate salt content, toxicity | SSE eae eam aa 207-219 
SIRE SESS S Arai 359-379 Measurement, review of methods._....... 208-209 
seed production, relation to zinc, experi- Ornithine, effects on growth of Aspergillus 
ie aati an I RS eae 635-638, 642-643 aE ae eee gi aie 461, 464, 465, 471, 472 
Monilia infection of corn ears, description... 430-431 | OWEN, F. V.: Inheritance of Cross- and 
Monoses— Self- -Sterility and Self-Fertility in Beta 
chemical structure and assimilability by oy oe oe eee alas: 679-698 
Aspergillus niger __ 621-626 
in Aspergillus niger, ‘efficiency ‘of anabolites Pantothenic acid in nutrition of pig. E. H. 
ol SE eee 628-629 SSRI RINNE IAPR AS lea bie, aL cris 185-187 
Mosaic disease, effect on forcing performance Papain, various concentrations, effect on loaf 
of Creole Easter May mes fos ote 5 231-233 | volume of bread. Jehiel Davidson and J. 
Munson, Sam C., and YEAGER, J. FRANK- ME ea Oe ee eee coed a 5-152 
LIN: C hanges Induced i in the Blood Cells of Paris green, effect on blood cells of southern 
the Southern Armyworm (Prodenia eri- armyworm, experiments______.-__---__--- 307-330 
dania) by the Administration of Poisons._ 307-332 | Patcu, L. H.: Height of Corn as a Factor in 
Murpnay, EvizaBeTH F.: The Ascorbic Acid Egg ‘Laying by the European Corn Borer 
Content of Different Varieties of Maine- Moth in the One-Generation Area - 503-515 
Grown Tomatoes and Cabbages as Influ- Pea, Tangier— 
enced by Locality, Season, and Stage of juice, effect on bean leaves in viroplasm 
Maturity ____- 483-502 study .. 445-448, 452-453 
Myzus persicae, transmission of bean leaf source of “bean leaf wilt virus” __- 448-449, 451-453 
REN oat ahi pt anne pend ceuunce 449 | Peach— 
brown rot, control by spraying with 2,4- 
Naval stores, yields, relation to chipping fre- Diaminodiphenylamine, experiments. -- 668- 
apeney. T. A. Lieleld................... 81-92 674, 678 
Nebraska, potato seed production, review.. 258-259} embryo abortion, mathematical model, 
NEELy, J. WinsTON: Inheritance of Cluster |= | useS............-.....--.--------------- 73 
Habit and Its Linkage Relation With pit hardening and gumming, relation to 
Anthocyanin ethene in Upland embryo abortion__- , 178 
( REPAR IRR aia ge eae ..----- 105-107 scab, control by 2,4- Diaminodiphenyla- 
NELSON, G. H.: mine, experiments. - 668, 673, 674, 678 
and STRAKA, Ronert P.: Effect of Metal Peaches, Phillips Cling, embryo ‘abortion, 
Containers on the Anaerobic Fermenta- mathematical model. G. Sl ee 173-178 
tion of Cornstalk Flour by Thermo- Peas, seed production, relation to zinc, ex- 
RNR gn were eae ee aL 19-31 EIN ae oe eso 535-641 
STRAKA, ROBERT P., and LEVINE, Max: Pectic substances, ‘content of timothy plant 
Anaerobic Decom sition of Wheat at different stages of growth_- 
Straw by Thermophiles and the Quan- Penicillium infection of corn ears, » descrip- 
tity of Gas * deme D cumtiateben ect 129-144 | pe 431 
Nicotine— Pentosans— 
bentonite, effect on blood cells of southern content of timothy plant at different stages 
armyworm, ag ep 7-330 of growth_. 538-539 
peat, effect on blood cells of southern wheat-straw, decomposition and gas pro- 
armyworm, experiments. ____- 307-330 duction.__- 130-144 
Nigrospora infection of corn ears, descrip- Phenothiazine, effect on blood cells of south- 
RRR RSs Ne A ae Eek Ss 30 ern armyworm, experiments. _-_--___...--- 307-330 
Nitrite-induced ‘‘mutants’’ of Aspergilli PHILLIPS, Max: 
grown on amino acids, reversions in mor- and WEIHE, H. D.: Hemicelluloses of f 
feclesy. Robert A. Steinberg and Charles EER BGT A RSE ES at ...- 401-406 
Rain eR Sel Cate aaa ema 645-652 Davis, B. L., and Weng, H. D.: Com- 
ice position of the Tops and Roots of the 
amino acid— Timothy Plant at Successive Stages of 
assimilation by Aspergillus niger, ex- RIESE SSIES i PS Sei ER ae ce 533-546 
TS RRR eR Ens eT oe ete ae 456-463 | Phosphorus, available, effect on activity of 
utilization by Aspergillus niger__ 459-463, 649-650 Ophiobolus graminis in wheat --------- .. 654-664 











ge 
564 


039 


187 


241 


241 


653 


678 


219 
209 


472 


187 


152 
330 


515 


453 
453 


678 


539 
144 
330 


406 


546 
64 





INDEX 747 


Page 


Photoperiod, length, and intensity of sup- 
plemental light, relation to the production 
of flowers and berries in greenhouse by 
several varieties of potatoes. H. O. 
Ww rae Ih Bai ain ie nic man eee 257-274 


Dd radi Wit de diate ioteein ih odhitie daeied 49-55 
Pig, nutrition, pantothenic acid in. E. H. 
isa EEA ASRS UR Naps ARE SSE eet ps 185-187 
Pigmentation— 
anthocyanin, in cotton, study_-__-.-_..---- 477-481 
shanks of White Leghorn oo Hey relation 
to winter egg production___.____.-_._--_- 333-338 
Pigs 


feeding pantothenic acid to, experiments__ 185-187 
growing, potassium requirements. E. H. 

Hughes and N. R. Ittner.-.-.---..----- 189-192 
Pine, longleaf, chipping frequency, relation 
to naval stores yields, studies. ---__._--__-- 

Plant sap, physical and chemical properties- 367-376 


Plants— 


allergic reaction, experiments ---_---- 445-448, 453 
chloride salt content, toxicity and accumu- 
lation. Frank M. Eaton_-.-.----------- 357-399 
grown in salt beds, water requirements. - - 376 
poisoning by chloride and sulfate salts, 
ME Sea ee tend auc neea es kane nle 364-366 
sulfate salt content, toxicity and accumu- 
lation. Frank M. Eaton..---.-..------ 357-399 
tolerance to chloride and sulfate salts, 
WUNINIR no oc n Ai lceecun sa nenceus 360-364 
Plum trees, spraying with calcium arsenite 
for blossom blight control and effects on 
sporodochia development, studies______-- 
572, 574, 588, 500 09t 
Plums, blossom blight nied by arsenite 
sprays, experiments. -__. '0, 572, 574, 588, 590-591 
PLUNKETT, O. A., and caer wae iM. 
Structure and Germination of Septoria 
NAAR ee ASR ies a Si ECT aN pC eel 
Poisons, administration to blood cells of 
southern armyworm, cause of changes in- 
duced. J. Franklin Yeager and Sam C. 
MERU ong a coos ancesvecugn nace scene 307-332 
Potassium— 
ethyl xanthate, efficacy in control of 
Sclerotinia laxa infection of stone-fruit 
trees, experiments ____._.....__...-- 565, 574, 589 
iodate, various concentrations, effect on 
loaf volume of bread. Jehiel Davidson 
UN ERS ee Ee) a ee a ea 145-152 
nitrate, effect on incidence and severity of 
take-all disease of wheat, experiments . 656-664 
requirement of growing pigs. gE. 
Hughes and N. R. Ittmer__.-._._.-.___. 189-192 
Potato— 
ov number and weight, effect of light_ 271 
plant— 
primordia and flowers, number, effect of 
ESSE, A TI AES RO, SS . 267-271 
vegetative growth and blooming time, 
is Dos ones secu ae en oes 264-267 
seed— 
air-dry weight, effect of light._.....____- 
production in Nebraska, review 
tuber production, effect of temperature __- 273 
varieties, production of flowers and berries 
in greenhouse, relation to length of pho- 
toperiod and intensity of supplemental 
MOOS, . thes WMDOP.. 8... cc. 2 sec. 257-274 
Prodenia eridania, blood cells, changes in- 
duced by administration of poisons. J. 
Franklin Yeager and Sam C. Munson 307-332 
Proline, effects on growth of yo yen) 





_ | AR ESS SOS 9, 462-465, 471, 472 
Protein, crude, content of diame plant at 
different stages of growth._-..-.......-.-- 536 
Prune— 
blossom blight, control by arsenite sprays, 
experiments . - 562-592 


trees, spraying with calcium arsenite for 
blossom blight, effects on > Sporraernes 
development 566, 568, 577, 588, 590-591 
Pullets, Single-Comb White Leghorn, shank 
color, relation to winter egg production 
characteristics. I. Michael Lerner --_-_- 333-338 
Pyrethrum, effect on blood cells of southern 


Page 
Pythium— 
arrhenomanes, cause of root rot of corn and 
PII ob acucncaeccdadiwce 711 
debaryanum— 
cause of root rot of Ranunculus asiaticus. 
C. M. Tompkins and John T. Middle- = 
SRS oictiadst wep ouanied asauatoan san 179-183 
experimental host range ______--_----- 181-183 
isolation from Persian buttercup, and 
RE ee ee Eee 179-181 
root rot, susceptibility of twelve dent corn 
inbreds to. Charlotte Elliott... -.._--- 711-723 
Quadrat, use in measuring short-grass vege- 
tation, comparison of methods. -__--------- 595-613 


Quadratting short-grass vegetation, com- 
parison of methods. Lincoln Ellison_.... 595-614 


RamsTAD, P. E., and GeppEs, W. F.: The 
Relative Respiratory Rates and Hygro- 
scopic Equilibria of Common and Hull-less 
lA a epee ie Sela ehh Ss 237-241 
Range-grass vegetation, quadratting, ¢ com- 


parison of methods- -----.----- -.- 595-613 
Ranunculus— 
asiaticus, root rot of, caused by Pythium 
debaryanum. C.M.TompkinsandJohn 
EMR, <ccGoe tcl an cscnsce .---- 179-183 
root rot disease, symptoms.- -__-_- 179 
REED, Howarp S.: The Relation of Zinc to 
Seed Progueion. es 635-644 


Respiratory rates and hygroscopic equilibria 
of common and hull-less oats. P.E.Ram- 
stad and W. F. Geddes----- us 237-241 
RorERTSON, D. W., COLEMAN, O. H., 
BRANDON, sR er FELLOWS, H., and Cur- 
Tis, J. J.: Rate and Date of Seeding Kan- 
red Winter Wheat and the Relation of 
Seeding Date to Dry-Land Foot Rot at 
DN, Conese es ne ee 339-356 
Root rot of Ranunculus — caused by 


- 


Pythium debaryanum. C. M. Tompkins 

and John T. Middleton _ 179-183 
Roots of whiteweed, Cardaria draba var. 

repens, reserve foodsin. C.G. Barr..... 725-740 
Rotenone, effect on blood cells of southern 

armyworm, experiments. 307-330 


Rye X grass, experiments... _ 33, 36, 37, 38, 40-42, 43-44 
Somat, problem in irrigation agriculture___ 389-395 
Salt— 


accumulation in plants, relation to injury__ 378-379 
distribution in cured hams, determination 
by improved method. A. K. Besley 
and: Pioyd Carroll. ..< 2.2.20. - 222 . 293-306 
Salts— 
chloride and sulfate— 


effect on crop plants in greenhouse water- 
culture experiments. ______._____._- 379-386 
effect on crop plants in outdoor sand 
cultures, experiments... -.........----- 358-379 
toxicity and accumulation in plants. 
WN Pk MUO a oo pointe nde nose 357-399 
soil, problem in irrigation agriculture ___.. 389-395 
Sclerotinia— 
fructicola, control by— 
diphenylamines, experiments. -___- i 674-678 
2,4-Diaminodiphenylamine, ex peri- 
Pi mstke aay cnc uhansbinkctadtespos 668-678 
laxa— 


cause of blossom blight in stone fruits... 562-592 
eradication in stone-fruit trees by ar- 

senite sprays for control of brown rot 

disease in blossoms, experiments. E. 

E. Wilson. -.- 561-594 
inoculum reduction, effect on subse- 

quent blossom infection, experiments. 582-583 
mycelium development on _hold-over 


twigs, effect of calcium arsenite sprays, 
ORION = 5. es ee 575-577 
— development, relation to 
Ee ACES Me 562-564 
spenuaeciad stage, eradication by sprays 
for control of brown rot. _-__- 564-587, 590-592 
Sclerotium rolfsii— 
infection of sugar beets, effect of nitroge- 
nous fertilizers, field experiments..._._.. 3-13, 16 
toxicity of nitrogen compounds to— 
DEM Nek n ie cccen ees Beets. 15, 16 





armyworm, experiments 


laboratory studies. _..............._._. 13-15, 16 








748 


Page 
Sclerotium rot, southern, of sugar beets, re- 
ducing with nitrogenous fertilizers. L. D. 





Leach and A. E. Davey. 1-18 
Season, influence on ascorbic acid content of 
varieties of Maine-grown tomatoes and 
_— Elizabeth F. Murphy_-_- - 483-502 
Seed— 
methane-producing, thermophilic anae- 
robiec fermentation of cornstalk flour, 
euperiments.......-..--.-.. 19-31 
production, relation to zinc. Howard 8. 
RR a rut octane oaks Dei danb titi kaa cus 635-644 
Seeds, maize, “germs in, hybrid vigor and 
weight. J. H. Kempton and John W 
PSUR SG SR ea 65-80 
Septoria— 
apii-graveolentis— 
cause of late blight of celery____..______- 547 
| a ee eee nea 547-558 
Spp., spores, septation, discussion 555-558 
spore horn or cirrus, description _--___-___- 548 
spores— 
descriptive terms, meaning - -..--.--- 583-555 
growta and germination, ‘technical 
Gestion —-.... - +... -... 551-553 
structure and germination. H. G. Mac- 
Millan and O. A. Plunkett___-______- 547-559 
structure, description -__-__........_.-- 548-551 
Sesbania macrocarpa, source of bean yellow 
mere Ves... oe. 449-451, 452-453 
Short-grass vegetation, quadratting, com- 
parison of methods. Lincoln Ellison____- 595-914 
Simpson, D. M.: Factors Affecting the 
Longevity of Cottonseed Scie te PEO 7-419 
Situ, D. C.: Intergeneric Hybridization of 
Cereals and Other Grasses. 3-47 
SmitH, GorDON E.: Inheritance of Smooth 
and Pitted Bolls in Pima Cotton. _______- 101-103 
Sodium— 
arsenite, effect on sporodochial develop- 
ment of Sclerotinia lara in stone-fruit 
orchards, experiments _____.-___..._._-- 579 
chlorate, effect on whiteweed root re- 
serves, experiments__ 736-739 
fluoaluminate, effect on blood cells of 
southern armyworm, experiments. ____- 307-330 
fluoride, effect on blood cells of southern 
armyworm, experiments__-_____--_--_-- 307-330 
Soil— 
microbial activity, effect on incidence or 
severity of take-all disease of wheat__.._ 654-664 
nitrate-nitrogen content, effect on inci- 
dence or severity of take-all disease of 
eRe eae 654-664 
phosphorus content, effect on incidence or 
severity of take-all disease of wheat_._.. 654-664 
salt content, problem in irrigation agricul- 
SISGES (aber Soikcudsidine thes anmaimucion® 389-395 
Soils of— 
high fertility, nitrogen treatment, effect on 
Sclerotium rolfsii infection of sugar beets - 8-12 
low fertility, nitrogen treatment, effect on 
Sclerotium rolfsii infection of sugar beets. 3-8 
Sprays— 
arsenite, efficacy in eradication of Sclero- 
tinia lara in stone-fruit trees for control of 
brown rot disease in blossoms, experi- 
ae eens 561-594 
See also under specific kinds. 
Steers, grass-fattened and grain-fattened, 
beef from, comparative ripening. Nicholas 
G. Barbella, Bernard Tannor, O. G. 
Hankins, and R. E. Hunt____.--..--_-- . 517-521 


STEINBERG, ROBERT A.: 
Effect of Trace Elements on Growth of 
Aspergillus niger With Amino Acids__.. 455-475 
The Process of Amino Acid Formation 
From Sugars in Aspergillus niger - - . 615-633 
and THOM, CHARLEs: Reversions in Mor- 
phology of Nitrite-Induced ‘‘Mutants”’ 
of Aspergilli Grown on Amino Acids _- 
Storage, cool, and other factors affecting 
foreing performance of Easter lily bulbs. 
Philip Brierley and A. H. Curtis__-.._--- 
STRAKA, ROBERT P.: 
and NELSON, G. H.: Effect of Metal Con- 
tainers on the Anaerobic Fermentation 
of Cornstalk Flour by Thermophiles-._- 


645-652 


221-235 


19-31 





INDEX 


StTxaKa, ROBERT P.—Continued. 

NELSON, G. H., and LEVINE, Max: Anae- 
robic Decomposition of Wheat Straw by 
Thermophiles and the Quantity of Gas 
RR RAC 

STRINGFIELD, G. H., and Hu RER, L. L.: 

Aphid Infestation of Strains of Corn as an 

Index of Their Susceptibility to Corn 

RUE NI on 

StROMAN, G. N.: Diameter of Fiber in 

Different Strains of Acala Cotton__ 

StuMRO, CHARLES R., GAINEY, P. L., and 

CLARK, FRANCIS E.: Microbiological and 

Nutritional Factors in the Take-All Dis- 

WO ar Meee. ws Ak 

Sucrose percentage in Beta vulgaris, factors 
influencing, inheritance. J. O. Culbertson 
Sugar beets— 

chloride and sulfate salt content, toxicity 
euperiments. ..... .-.-. 5 2.5. -:. 

inheritance of cross- and self-sterility and 
self-fertility, experiments _ 

southern selerotium rot, reducing with 
nitrogenous fertilizers. L. D. Leach 
wed 2. Paver... 

sucrose aeanlateen, inheritance of factors 
influencing, studies. .__-_______._- 

Sugars in Aspergillus niger, amino acid for- 
mation from, or (atitaet Robert A. Stein- 
berg -.--- Ai eeeacties as eteeoeue> 
Sulfate— 

salt, tolerance of plants to, experiments__- 

salts, toxicity and accumulation in plants. 
Frank M. MR Sd un usw kain ; 

Superphosphate, effect on incidence and 
severity of take-all disease of wheat, experi- 
ments - 

Swine thorn-headed worm, “eggs, “viability. 

Kenneth C. Kates 


Take-all disease of wheat, microbiological 


and nutritional factors. harles R. 
Stumbo, P. L. Gainey, and Francis E. 
Clark_- 


TANNOR, BERNARD, BARBELLA, NICHOLAS 
HANEIns, O. G., and Hunt, R. E.: 


pO ed Ripening of Beef From 

Grass-Fattened oa Grain-Fattened 

gg Ra Te co) 
Temperature— 


effect on potato tuber production -_-___-_- 
low, effect on ascorbic acid content of toma- 
toes in shipment, experiments -- 
relation to— 
dry-land foot rot disease in Kanred 
winter wheat 
longevity of sealed experiments. 
yield of Kanred winter wheat_- 

Temperatures— 

freezing, effect on survival of eggs of thorn- 
headed worm___-_- 
high, effect on survival of | eggs of thorn- 
headed worm, studies-------------- 
Thermophiles, anaerobic— 
decomposition of wheat straw and quan- 
tity of gas produced. Robert P. Straka, 
G. H. Nelson, and Max Levine-._--- < 

fermentation of cornstalk flour, effect of 
metal containers. Robert P. Straka 
and G. H. Nelson_- 

THOM, CHARLES, and STEINRERG, “RORERT 
A.: Reversions in Morphology of Nitrite- 
Induced “Mutants” of Aspergilli Grown 
Oe FAM oo nese tenn -nwanduns 

THOMAS, EDWARD E., and HaRDING, PAUL 
L.: Relation of Ascorbic Acid Concentra- 
tion in Juice of Florida Grapefruit to Vari- 
ety, Rootstock, and Position of Fruit on 
SU ROO 5 oct keg clash nb enmpueetoude 

Thorn-headed worm in sw ine, “eggs of, via- 
bility. Kenneth C. Kates 

Timothy— 
plant, tops and roots, composition at suc- 

cessive stages of growth. Max Phillips, 

B. L. Davis, and H. D. Weihe- - ---- 
plants and constituents, weights at differ- 

ent stages of growth 


Page 


129-144 


283-291 


243-255 


653-065 


153-172 


359-379 


679-697 


1-18 
153-171 


- 615-633 


360-364 
357-399 


656-664 


93-100 


653-665 


. 517-521 


489-490 


. 353-355 


- 412-416 


350-352 


96-97 


95-96 


129-144 


19-31 


57-61 
93-100 


533-546 
541-543 













144 


665 


-172 


-379 


697 


1-18 
~171 


133 


)-364 


664 


100 


665 


-H52 


7-61 
~100 


5-546 
543 








Tobacco— 


Page 


commercial varieties, leaf arrangement._._ 52-54 
leaf arrangement— 
Gin ea acce cue opee 49 
particular, constancy - --...--..-...---.- 49-51 
phyllotaxy, some aspects. H.A.Allard.. 49-55 
species, leaf arrangement --_-__--------.-- 52-54 
ROMA MIEN. 6025s cela Sloan ante 51 
Tomatoes— 
blossom-end rot, incidence, relation to cal- 
— accumulation in leaf sap, experi- 
See. eae hein bane 6 SaSeeRmeS eee xe 376-377 
chloride and sulfate salt content, toxicity 
BUIMUMNSIIN oo io sion ca ames nano eke 359-386 
early growth, beneficial effect of chloride, 
SE alae pater eeynenia ae 387-388 
growth in water cultures, effect of— 
chloride, experiments -_----.--....-.---- 383-384 
Sullate, xperimonts =... 522.5 384 
shipping temperatures, effect on ascorbic 
MN RN Se ost ner eth eeisees 489-490 
varieties, Maine-grown, ascorbic acid con- 
tent, influence of locality, season, and 
stage of maturity. Elizabeth F. Mur- 
| PRGA ee NE RE See ee 3-502 
vitamin C content, relation to a ~~ 
location, factors affecting hla Se ee 3, 495-500 
Tompkins, C. M., and SAR Naar 
T.: Root Rot of Ranunculus asiaticus 
Caused by Pythium debaryanum___-_-_--- 179-183 
Trace-element deficiencies, relation to 
growth of Aspergillus niger in solutions, 
ERA ee a a 4 68, 471 
Trace elements, effect on growth of Asper- 
gillus niger with amino acids. Robert A. 
Steinberg... .....-..- Neti les gat eva LE 455-475 
Trifolium repens— 
cross-incompatibility and its relation to 
pseudo-self-compatibility in, genetics. 
MeMmNO S;, MEWOOU......2..-.55.252.... 699-709 
parent, pseudo-self-compatibility ______-_- 699-700 
pseudo-self-com patibility— 
i I ee Se a 705-706 
relation to cross-incompatibility - - ___--- 706-707 
pseudo-self-com patible— 
cross-incompatibility, genetics ____- ee 
number of seeds per pod__-------------- 07 
2,4-Diaminodiphenylamine— 
description and uses- -.--..-..-..--------- 667 
fungicidal properties. M.C. Goldsworthy, 
E. L. Green, and H. L. Haller________-- 667-678 
Ultraviolet irradiation, effect on viability of 
thorn-headed worm eggs, experiments - ___ 98 
United States Dry Land Field Station, 
Akron, Colo., Kanred wheat, dry-land 
foot rot experiments. _-...........--..---- 339-356 
Uronie acids, content of timothy plant at 
different stages of growth__......_._.____. 538 
Vegetables, internal atmosphere— 
carbon dioxide and organic volatiles in, 
simultaneous measurement. Fisk Ger- 
RMN es gee oe as pans Ae 207-219 
measurement— 
application of method _____..-_-._-_--_- 215-217 
method and apparatus_._.____._---.---- 209-215 
Vegetation, short-grass, quadratting, com- 
parison of methods. Lincoln Ellison..__. 595-614 
Venturia inaequalis, control by 2,4-Di- 
aminodiphenylamine, experiments____ 668, 672-673 
Viroplasm hypothesis— 
IN Ake shnkacescccucus tee ckuon 443 


studies. James Johnson___--___--- cee: 
Viruses, new, de novo origin 
Vitamin— 

B complex, requirements in diets for grow- 





INDEX 


Wastes, farm, thermophilic anaerobic fer- 
mentation—Continued. 
effect of metal containers___-_.........-.- 19-31 
Water, distribution in cured hams, deter- 
mination by improved method. A. K 


Besley and Floyd Carroll___._....._.___- 293-306 
Weather conditions, effect on ascorbic acid 
content of  vemapstad grown in Maine._____ 491-493 
WEIHE, H. 
and aed, Max: Hemicelluloses of 
RIND CaS cole an eee pean. 401-406 


PuHILuirs, Max, and Davis, B. L.: Com- 
position of the Tops and Roots of the 
Timothy Plant at Successive Stages of 
a, EP ES Bae ED Batt ae 533-546 

WERNER, H. O.: Relation of Length of 

Photoperiod and Intensity of Supple- 

mental Light to the Production of Flowers 

and Berries in the Greenhouse by Several 


Varieties of Potatoes... .-.-. 2... 257-274 
Wheat— 
chloride and sulfate salt content, toxicity 
RES SE A ea 379-386 
flour, diastatic power, effects of papain 
and potassium iodate__.____________. 149, 150 


X grass, experiments 33- -36, 37-40, 43 
growth in water cultures, effect of sodium 
chloride and trace elements_____._____-- 384-356 
straw— 
anaerobic decomposition by thermo- 
Rw and quantity of gas produced. 
Robert P. Straka, G. H. Nelson, and 





WONG SIUWIM ooo ae eek 129-144 
cellulose and pentosans, decomposition 
and gas production____..__..._.____-- 130-144 


take-all disease, microbiological and nutri- 
tional factors. Charles R. Stumbo, P. 
L. Gainey, and Francis E. Clark. _____- 653-665 
winter Kanred— 
dry-land foot rot, poanon seeding date 


at Akron, Colo . Robertson, a 
Coleman, J. F. Brandon, H. 

Fellows, ONT 2. Ce. ec eck 339-356 
dry-land foot rot, relation to tempera- 

MNES Sakina edad cetan polcelluseas 353-355 
planting date, effect on land foot rot._.. 348-350 
yield-temperature relationships__-_____- 350-352 

yields in rate and date of seeding sanecate 

SS aE es 2a ORE ean ON, ee 1-348 

Whiteweed— 
root reserves— 
effect of frequency of cultivation_______- 739-740 
effect of sodium chlorate___-_.._....__-- 736-739 
seasonal trend __.--.--.---- 729-734 





trend after cultivation 
roots— 
form of food reserves in, analyses.-_..-. 727-728 
reserve foodsin. C. G. Barr. ._......-- 725-740 
Witson, E. E.: Experiments With Ar- 
senite Sprays to Eradicate Sclerotinia laza 
in Stone-Fruit Trees as a Means of Con- 
= the Brown Rot Disease in Blos- 
Pipe aE S SE eS AS ee I a ADS 561-594 
Wi raERni, L. M., and Comstock, R. E.: 
Design ‘of Experimental Comparisons Be- 
tween Lines of Breeding in Livestock.__._ 523-532 


734-736 


YEAGER, J. FRANKLIN, and MUNSON, SAM 

C.: Changes Induced in the Blood Cells of 

the Southern Armyworm (Prodenia eri- 

dania) by the Administration of Poisons._ 307-332 
Yeasts, sugar in, conversion to amino acids, 





ica te te ee nadie ni nccwcasnes 185-187 
C. See Ascorbic acid. 
Volatiles, organic, in internal atmosphere of 
fruits and vegetables, simultanescus meas- 
urement with carbon dioxide. Fisk Ger- 
MI ea CO eer Sale eee eas 207-219 
Wastes, farm, thermophilic anaerobic fer- 
mentation— 
decomposition and quantity of gas pro- 
NE ei nc Deworcugcc a Wewusraccucas 129-144 


study, disadvantages ti els eke rues ane 630 
ZAUMEYER, W. J.: Inheritance of a Leaf 
Variegation in Beans. -.......-----....... 119-127 
Zinc— 
arsenite, effect on sporodochial develop- 
ment of Sclerotinia laza in stone-fruit 
orchards, experiments. _....._-.-_..._-- 577-578 
deficiency in soils and plants, effects_____- 635 
relation to seed production. Howard S. 
SERGI RE IY HE AM 635-644 
sulfate-lime spray, efficacy in control of 
Sclerotinia lara infection of stone-fruit 
treed, experiments. <5. =. ..0.2.-i.-. 565, 574, 591 






































































